DTOI-EY T.TT’H. -'Y.r 

NAY. j: - ,;■ 



pttooL 

-59^^3-5008 



a a 



NAVAL POSTGRADUATE SCHOOL 
Monterey , California 




THESIS 

C 



DEVELOPMENT AND INTEGRATION OF THE NPS 
MIDDLE ULTRAVIOLET SPECTROGRAPH WITH 
AN EXTREME ULTRAVIOLET SPECTROGRAPH 

by 

Richard S. Campbell 
December 1989 

Thesis Co-Advisor: David D. Cleary 

Co-Advisor: Sherif Michael 



Approved for public release; distribution is unlimited. 



T2478 



UNCIASSIPIED 

CURITY CLASStFiCAT ON Qf ThiS PAGE 



REPORT DOCUMENTATION PAGE 


Form Approved 
OMB No. 0704-0188 


a REPORT security CLASSIFICATION 

UNCLASSIFIED 


lb RESTRICTIVE MARKINGS 


a SECURITY CLASSIFICATION AUTHORITY 


3 DISTRIBUTION /AVAILABILITY OF REPORT 

APPROVED FOR PUBLIC RELEASE; 


0 DECLASSIFICATION /DOWNGRADING SCHEDULE 


DISTRIBUTION IS UNLIMITED. 


PERFORMING ORGANIZATION REPORT NUMBER(S) 


5 MONITORING ORGANIZATION REPORT NUMBER(S) 


a NAME OF PERFORMING ORGANIZATION 


6b OFFICE SYMBOL 
(If applicable) 


7a NAME OF MONITORING ORGANIZATION 




NAVAL POSTGRADUATE SCHOOT, 


39 


NAVAL POSTGRADUATE SCHOOT 




•c ADDRESS (Ory, Srare. and ZIP Code) 




7b ADDRESS (Ory. State, and ZIP Code) 




MSNTEREY, CA 93943-5000 




MONTEREY, CA 93943-5000 



I OFFICE SYMBOL 
(If applicable) 



9 PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER 



Ic ADDRESS fC/ry, State, and HP Code) 



10 SOURCE OF FUNDING NUMBERS 



n title (Include Security Classification) 

DEVELOPMENT AND INTEGRATION OF THE NPS MIDDLE ULTRAVIOLET 
SPECTROGRAPH WITH AN EXTREME ULTRAVIOLET SPECTROGRAPH 



12 PERSONAL AUTHOR(S) 



13a type of report 


13b TIME COVERED 


M DATE OF REPORT (Year, Month, Day) 


15 PAGE COUNT 


MASTER'S THESIS 


FROM TO 


1989 , DECEMBER 


1 73 



16 supplementary NOTATION THE VIEWS EXPRESSED IN THIS THESIS ARE THOSE OF THE AUTHOR AND DO 
NOT REFLECT THE OFFICIAL POLICY OR POSITION OF THE DEPARTMENT OF DEFENSE OR THE 

u.s. 



COSATI CODES 



SUB-GROUP 



18 Subject terms (Continue on reverse if necessary and identify by block number) 

EXTREME ULTRAVIOLET SPECTROGRAPH; MIDDLE ULTRAVIOLET 
SPECTROGRAPH; SOUNDING ROCKET EXPERIMENT 



19 ABSTRACT (Continue on reverse if necessary and identify by block number) 

CURRENT MEASUREMENTS OF IONOSPHERIC ELECTRON DENSITIES 
ARE ACCURATE BUT LIMITED IN SCOPE. PRESENT MEASUREMENT TECHNIQUES ARE 
LAND-BASED AND THE RESULTING DATA IS NOT GLOBAL IN NATURE. SCIENTISTS 
AT THE NAVAL POSTGRADUATE SCHOOL (NPS) AND THE NAVAL RESEARCH 
LABORATORY (NRL) ARE WORKING ON A JOINT RESEARCH PROJECT TO DEVELOP A 
TECHNIQUE TO DETERMINE GLOBAL IONOSPHERIC ELECTRON DENSITIES FROM 
SATELLITE PLATFORMS. NPS DEVELOPED A MIDDLE ULTRAVIOLET SPECTROGRAPH 
WITH WAVELENGTH COVERAGE OF 1800 TO 3400 A. THIS THESIS DEVELOPED THE 
INTEGRATION PACKAGE THAT LINKED THE SPECTROGRAPH ANALOG DATA TO THE 
AYDIN VECTOR MMP-600 PCM ENCODER. THE INTEGRATION PACKAGE PROVIDED 
ANALOG-TO-DIGITAL CONVERSION OF THE DATA, DATA STORAGE FOR THE DIGITAL 



20 DISTRIBUTION /AVAILABILITY OF ABSTRACT 
^UNCLASSIFIED/UNLIMITEO □ SAME AS RPT 



22a NAME OF RESPONSIBLE INDIVIDUAL 

DR. DAVID D. CLEARY 



22b TELEPHONE f/ncJude Area Code) 22c, OFFICE SYMBOL 

(40^646-2828 61 O 



DO Form 1473. JUN 86 



Previous editions are obsolete. 

S/N 0102-LF-014-6603 



SECURITY CLASSIFICATION OF THIS PAGE 

UNCLASSIFIED 



UNCLASSIFIED 



SECURITY CLASSIFICATION OF THIS PAGE 



LINE #19 (CONT.) 

DATA, AND SYNCHRONIZATION OF THE DATA COLLECTION AND DATA 
TRANSMISSION OPERATIONS. TESTING EQUIPMENT WAS ALSO DEVELOPED 
TO SUPPORT LABORATORY CALIBRATION AND IN-PLACE TESTING OF THE 
INSTRUMENT. THE TEST EQUIPMENT PROVIDES COMPUTER GENERATED 
SYNCHRONIZATION SIGNALS AND DIGITAL DATA ACQUISITION. 



DD Form 1473. JUN 86 (Reverse) 



SECURITY CLASSIFICATION OF THIS PAC 



UNCLASSIFIED 



Approved for public release; distribution is unlimited. 



DEVELOPMENT AND INTEGRATION OF THE NPS 
MIDDLE ULTRAVIOLET SPECTROGRAPH WITH 
AN EXTREME ULTRAVIOLET SPECTROGRAPH 



by 



Richard S. ^mpbell 
Lieutenant, United States Navy 
B.S.E.E., United States Naval Academy, 1980 



Submitted in partial fulfillment 
of the requirements for the degree of 

MASTER OF SCIENCE IN ELECTRICAL ENGINEERING 
from the 

NAVAL POSTGFADUATE SCHOOL 
December 1989 



ABSTRACT 



Current measurements of ionospheric electron densities are 
accurate but limited in scope. Present measurement techniques 
are land-based and the resulting data is not global in nature. 
Scientists at the Naval Postgraduate School (NPS) and the 
Naval Research Laboratory (NRL) are working on a joint 
research project to develop a technique to determine global 
ionospheric electron densities from satellite platforms. NPS 
developed a middle ultraviolet spectrograph with wavelength 
coverage of 1800 to 3400 A. This thesis developed the 
integration package that linked the spectrograph analog data 
to the Aydin Vector MMP-600 PCM Encoder. The integration 
package provided analog-to-digital conversion of the data, 
data storage for the digital data, and synchronization of the 
data collection and data transmission operations. Testing 
equipment was also developed to support laboratory calibration 
and in-place testing of the instrument. The test equipment 
provides computer generated synchronization signals and 
digital data acquisition. 
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I. INTRODUCTION TRef. 1] 



On March 21, 1986, the Joint Chiefs of Staff issued a 

memorandum (MJCS 154-86) which listed the prioritization of 
research requirements for defense environmental satellites. 
Measurement of the electron density of the Earth's ionosphere 
ranked fifth on this list of fifty requirements. Knowledge 
of ionospheric electron density is essential for the 
development of many high frequency (HF) military systems. 
Ongoing research is presently being conducted in the following 
areas : 

- HF radio communications 

- Over-The-Horizon (OTH) radar 

- Ballistic Missile Early Warning System (BMEWS) 

- Ground Wave Emergency Network (GWEN) . 

The above-mentioned systems all require an in-depth knowledge 
of global electron densities, as these systems rely on the 
ionosphere's ability to reflect and bend HF electromagnetic 
waves. Current measurements of the ionospheric electron 
densities are accurate but limited in scope. Measurements are 
obtained from either ground-based radar stations or ionosonde 
stations. Presently, twenty ionosonde stations located 
primarily in North America provide limited electron density 
data. Current data is not global in nature and to obtain 
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global data with current operational systems is economically 
and politically unfeasible. 

Satellites provide one method to measure global electron 
densities. Satellite-based ionosondes (topside sounders) are 
impractical due to large size and power requirements. 
Although active sensing is technically prohibitive, space- 
based systems have successfully employed energy and weight 
efficient passive techniques. Scientists at the Naval 
Research Laboratory (NRL) are investigating a passive 
technique for inferring electron densities in the F2 region 
of the ionosphere by measuring the O"^ emissions at a 
wavelength 834 A (1 A = 10’’° meters) . The measurement is 
expected to provide accurate data above an altitude of 200 km. 

Below the altitude of 200 km, 02 "" and NO* become the 
dominant ions in the regions known as the D-, E-, and Fl- 
layers. The Naval Postgraduate School (NFS) is investigating 
a method for inferring the electron densities at altitudes 
below 200 km. The technique involves the measurement of the 
neutral species N 2 , O 2 , O, NO, and N. Photochemical models of 
the ionosphere have shown that these neutral species are 
chemically coupled with O 2 * and NO*. The E-region electron 
density can be accurately inferred from a knowledge of the 
neutral species density. 

Dedicated research at both NRL and NPS has resulted in the 
approval of a National Aeronautics and Space Administration 
(NASA) rocket experiment (36.053E). The launch is scheduled 
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for February 1990 at White Sands Missile Range in New Mexico. 
Using a two-stage Terrier-Black Brant launch vehicle, the 
rocket is expected to reach a maximum altitude of 3 50 km. Two 
instruments will be flown on the experiment. The NRL- 
sponsored instrument, named HIRAAS, is a 0.5 m Rowland Circle 
Spectrograph with wavelength coverage of 500 A to 1500 A. The 
NFS -sponsored instrument, named MUSTANG, is a middle 
ultraviolet spectrograph with wavelength coverage of ISOOA to 
3400 A. The spectrograph is a 1/8 m Ebert-Fastie with a 
micro-channel plate (MCP) image intensifier and a 512 linear 
array detector. The instruments will obtain data between the 
altitude of 100 and 350 km. Data from the NFS MUSTANG 
experiment will be telemetered to the ground station. The NRL 
HIRAAS instrument will record its data on electrographic film 
which will be recovered at completion of the flight. 

The development and integration of MUSTANG required close 
interfacing with NRL, NASA (Goddard Space Center) , and 
Research Support Instruments (RSI -instrument construction) . 
Figure 1.1 illustrates the integrated MUSTANG/HIRAAS 
experiment positioned in the payload section of the launch 
vehicle. The evolution of Mustang into an integrated flight 
experiment is documented in Chapters II-V of this thesis. 

Chapter II discusses the operational characteristics of 
the NASA provided telemetry package and the RSI detector and 
support components. 
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Figure l.l Integrated MUSTANG/HIRAAS Payload [Ref. 2] 



Chapter III discusses the design interface required to 
couple the detector to the telemetry package. 

Chapter IV discusses bench check equipment (BCE) 
interfacing and development. 

Chapter V discusses interface board fabrication, 
construction, integration and testing. 

Chapter VI presents conclusions and recommendations for 
future projects. 
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II. DESIGN CHARACTERISTICS OF MT^UFACTURED 
FLIGHT COMPONENTS 



MUSTANG development is based on modular construction 
ensuring a cost-effective/flexible instrument that can be 
operated in a variety of experimental environments. 
Currently, the instrument is configured to operate within the 
constraints of the sounding rocket experiment. With minor 
modifications, the instrument could be fitted to a space 
shuttle experiment or the instrument could be utilized in 
support of a laboratory experiment. The MUSTANG electronics 
can be divided into four subsystems; the detector, the 
interface board, the power supplies, and the PCM encoder (see 
Figure 2.1). All the subsystems, with the exception of the 
interface board, will be described in this chapter. Chapter 
III will consider the design requirements of the interface 
board. 

A. PCM ENCODER SUBSYSTEM [Ref. 3] 

1. Configuration 

The PCM encoder has flown on more than 70 sounding 
rockets without an in-flight anomaly. The encoder utilizes 
the Aydin Vector MMP-600 Series micro-miniature PCM system. 
Characteristics of the system include small size (light) , low 
power consumption, and programmable flexibility. Designed as 
a modular system, the encoder allows for a variety of 
configurations to meet the control and data dissemination 
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Figure 2.1 Block Diagram of Mustang Subsystems 



requirements of the experiment. Each encoder "stack" consists 
of two groups of modules. A typical PCM stack is shown in 
Figure 2.2. Group I modules are required for all 
configurations. Group II modules are selected based on the 
requirements of the experiment. 




Figure 2.2 Example of PCM Stack [Ref. 3:p. 2] 
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a. Group I Modules 

One each of the modules listed below are required 
in every PCM system. 

(1) PX-628 Power Supply . The power supply module 
requires a source voltage of 28+4 v and provides regulated 
28 V to the remainder of the PCM encoder system. The system 
oscillator is located inside the power supply module. 
Selection of the oscillator frequency is accomplished by 
manipulating a set of jumpers found on the external connector 
of the module. For this experiment, the oscillator frequency 
is set to 200 kbits/sec ensuring that the maximum clockrate 
of the detector (250 kHz) is not exceeded. The bit clock is 
a 0 to +5 V pulse train that is CMOS- and low power TTL- 
compatible. 

(2) PR-614 Proorcunmer . The programmer module 
houses the control circuit. The programmer executes the 
software program that has been entered into the 256x8 erasable 
programmable read-only memory (EPROM) and controls the timing 
and operation of the entire system. MUSTANG utilizes the 
timing control of the PCM encoder to synchronize its operation 
(more thoroughly discussed in Chapter III) . 

(3) FM-618 Formatter . The formatter module, 
controlled by the programmer, takes digitized data and merges 
it with frame synchronization words. The data undergoes 
parallel to serial conversion to provide the proper data 
format for the timer. 
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(4) TM-615P Timer . The timer module accepts 
serial data from the formatter and encodes this data into the 
required PCM data foirmat (Bi-O-L) . The data format is 
selected by setting jumpers located on the external input 
connector. Word format is also selectable on the input 
connector and is currently selected to 10 bits/word. 
Interfacing the encoder timing signals to external circuits 
is accomplished by utilizing an external output connector. 
The following output signals may be accessed: 

- NRZ-L output 

- Bi-O-L output 

- NRZ-L primary output 

- Major Frame synchronization 

- Bi-O-L primary output 

- Premodulation filter output 

- Inverted 2x bit clock(O-lOv) 

- 2x bit clock 

- Bi-O/NRZ, mark/space coded output 

- Inverted Bi-O/NRZ, mark/ space coded output 

- Inverted bit clock 

- Minor frame synchronization 

- Word clock 

- Bit clock. 

(5) EP-612 End Plate . The end plate terminates 
the PCM stack on the end opposite the power supply. The EPROM 
is housed inside the module and access is obtained through a 
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removable cover. The EPROM is socketted (contrary to the 
standard practice of soldering) to allow for EPROM reuse. 

b. Group II Modules 

Group II modules are optional and are added to 
support the unique data requirements of the experiment. The 
modules listed below either support MUSTANG uniquely or 
support MUSTANG and HIRAAS collectively. 

(1) PD-629 Digital Parallel Multiplexer with Two 
Enables . The PD-629 module has the capability of accepting 
three independent channels of parallel words consisting of 
10 bits/word. The multiplexer is controlled by the program 
loaded into the EPROM. The experiment will fly two modules 
allowing for the direct integration of six channels of digital 
data. MUSTANG will exclusively utilize one channel for the 
transmission of experimental data. The remainder of the 
channels will be utilized for programmed events not associated 
with MUSTANG. Each module is referenced with an unique 
address that is recognized by the EPROM. The address is 
programmed by setting jumpers located on the external input 
connector of the module. Two of three input channels 
(10 parallel bits/channel) on the module have an external 
enable associated with them. The enable pulse may be used to 
signal external circuits that parallel data on the respective 
channel is being accessed. The importance of the enable 
pulse, relative to MUSTANG, will be addressed in Chapter III. 
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(2 ) MP-601L 3 2 -Channel High-Level Analog 
Multiplexer . The analog multiplexer accepts 32 channels of 
analog data with inputs limited from 0 to +5.0 v. The 
experiment will fly three modules to process the 96 channels 
of required analog data every 51.2 msec. To satisfy the 
Nyquist criteria each channel will be limited to a bandwidth 
of 9.7 Hz. MUSTANG will utilize three channels of analog data 
to provide monitoring of the 5 v, +15 v, and high volt busses. 
The majority of the analog signals are used for monitoring 
various rocket parameters and control signals. Control of the 
multiplexer is determined by the EPROM program. Each module 
is programmed with an unique address by setting jumpers found 
on the external connector. 

(3) AD-606-HS Analog- to-Digital Converter (ADC) 
with Saunple and Hold . The AD-606-HS module digitizes the 
analog data requiring transmission. The signal input to the 
module is the EPROM-controlled output of one of the three 
analog multiplexers mentioned above. Again, the input signal 
is limited to a voltage range of 0 to +5.0 v. The analog-to- 
digital converter digitizes each analog signal into a ten-bit 
binary word utilizing the method of successive approximation. 
At the completion of digitizing, the digital signal is sent 
to the formatter for inclusion into the programmed PCM encoder 
matrix. 

(4) FL-619A Quad Filter and TUnplifier . The quad 
filter module provides linear-phase lowpass premodulation 
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filtering of the serial output from the timer module. Each 
filter module contains four independent filters which share 
a common lead with the input signal from the unfiltered output 
of the timer module. Filter selection is achieved by choosing 
the respective output of the desired filter. The -3dB upper 
cutoff frequency for Bi-0-L coding is determined by the 
following formula; 

1.4 X bitrate = upper cutoff frequency (1»1) 

1.4 X 200 kbits/sec = 280 kHz. (1-2) 

Based on the above calculation, the 280 kHz lowpass filter 
was chosen for this experiment. A signal gain adjustment at 
the filter output allows for the accurate integration of the 
PCM encoder with the rocket's transmitter (specifically the 
modulator). Figure 2.3 illustrates the "stack" position of 
each PCM encoder module as required by the experiment. 

2 . operation 

Operation of the PCM encoder is implied from the 
discussion of the system component parts. Figure 2.4 provides 
a basic block diagram of the PCM encoder that will be utilized 
for the experiment. Data for the experiment comes in two 
forms, analog or digital. Analog data must be synchronized 
and digitized prior to formatting. The analog data 
synchronization is controlled by the processor (PR-614) 
operating under a software program loaded into the system 
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[After Ref. 3:p. 5] 
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EPROM. Synchronization occurs at the analog multiplexers (MP- 
601L) and the data is accessed at the output of the analog to 
digital converter when the formatter (FM-618) is instructed 
to access the data. Digital data is synchronized at the 
digital multiplexers and is accessed by the formatter when 
instructed to do so. Data entering the formatter is in a 
parallel format. The formatter does a parallel-to-serial 
conversion on all data and merges the synchronization words 
into the PCM word format. The timer module (TM-615P) accepts 
the serial data, encodes the bitstream into Bi-O-L format, and 
provides an unfiltered output to the quad filter (FL-619A) . 
The quad filter provides lowpass filtering and gain adjustment 
prior to modulation in the transmitter. The PCM-encoded 
format, showing the word location of MUSTANG'S experimental 
data, is illustrated in Figure 2.5 [Ref. 4]. 

The telemetry system utilizes a 200 kbit/sec PCM/FM 
RF link at a carrier frequency of 2269.5 MHz. The transmitter 
is a 5 watt Vector T105. A bit error probability of 10'^ is 
achieved given that the signal-to-noise ratio for the PCM/FM 
system is 13 dB (value provided by Aydin Vector) . Utilizing 
the manufacturer's data and NASA's receiving station data, a 
link margin of 13.7 dB was calculated. [Ref. 4] 

3 . Signals 

Reference signals generated by the PCM encoder are 
utilized by MUSTANG to ensure synchronized data collection, 
processing, and dissemination. Figure 2.6 illustrates the 
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reference signals utilized by MUSTANG and the relative timing 
of each signal. Figure 2.4 illustrates the source of each 
signal. The reference signals generated by the PCM encoder 
combined with the reference signals generated by the detector 
(discussed below in Section B) provide the design basis for 
the interface board which will couple the detector to the PCM 
encoder (topic of Chapter III) . 

B. DETECTOR [Ref. 5] 

1. Configuration 

The MUSTANG instrument electronics consists of an 
image intensifier, a detector, and a low-noise driver 
amplifier circuit. The detector is a Plasma-Coupled Device 
(PCD) linear image sensor. A detailed mechanical diagram of 
MUSTANG is presented in Figure 2.7. 

a. Heimcimatsu PCD Linear Image Sensor (S-2300-512F) 
The PCD linear image sensor is a monolithic 
(single crystal) integrated circuit which makes use of the 
coupling occurring in bulk silicon by virtue of the existence 
or non-existence of the plasma state of holes and electrons. 
The linear image sensor is composed of the photodiode, 
switching (output) , and digital shift register sections. The 
PCD linear image sensor equivalent circuit is shown in Figure 
2 . 8 . 
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Figure 2.7 Mechanical Drawing of Mustang [Ref. 6] 




Figure 2.8 PCD Linear Image Sensor Equivalent Circuit 
[Ref. 5;p. 1] 

(1) Photodiode Section . The light-sensitive 
section consists of 512 p-n junction photodiodes which perform 
both photoelectric conversion and charge storage. The 
photodiodes are designed to have low dark current. This is 
due to the buildup of charge when no photon source is present. 
Figure 2.9 illustrates the photodiode construction. 

The photoelectric conversion characteristic 
of a light detector is determined by the ratio of incident 
light intensity to output signal level. To improve the 
performance of the detector in low light environments, it is 
desirable to integrate the output over time rather than 
observing the output directly. The PCD image sensors make 
use of the integration process to improve low light 
performance. Figure 2.10 illustrates the photoelectric 
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Figure 2.9 Geometry of Image Sensor Light Sensitive Section 
[Ref. 5;p. 14] 




Figure 2.10 Image Sensor Photoelectric Conversion 
Characteristics [Ref. 5:p. 8] 



conversion characteristics of the PCD image sensor. The 
incident exposure at the breakpoint of the linear portion of 
the curve represents the saturation exposure. The output 
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charge at saturation is dependent on the junction capacitance 
of the photodiodes. 

The spectral response of the PCD image sensor 
is a measure of the output response with respect to input 
wavelength. The use of p~well construction limits the 
sensitivity in the long-wavelength regions and centers the 
maximum-sensitivity wavelength at 6000 A. The reduction in 
long-wavelength sensitivity reduces the crosstalk between 
adjacent sensor elements. Figure 2.11 illustrates the 
spectral response of the PCD image sensor. MUSTANG utilizes 
a fiber optic window resulting in greater light rejection at 
the sensor input when compared to the observed response when 
the quartz window is used. 




Figure 2.11 Spectral Response of the Image Sensor 
[Ref. 5:p. 8] 
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Image sensor resolution pertains to the 
ability of the sensor to reproduce the details of an 
observation. Since the photodiodes are mutually separated, 
sampling theory can be applied to the relationship between 
incident illumination and diode spacing. The light 
illumination can be no more than half the spacing between 
adjacent photodiodes. The resolution of the PCD image sensor 
is also dependent upon the input light wavelength. As 
wavelength increases, the photoelectric conversion takes place 
deeper within the silicon substrate and as the carriers travel 
toward the surface of the substrate, diffusion occurs which 
allows for the leakage of photons into adjacent sensors (see 
Figures 2.12 and 2.13). 

A phenomenon, known as lag, occurs when the 
output of the current scan is affected by residual charge from 
a previous scan. Lag presents itself when rapidly-changing 
incident light exceeds the sensor's capability to follow such 
changes. Under static light conditions and when such rapid 
changes of intensity do not occur, negligible lag exists. 

The presence of measurable image sensor 
output with no illumination is referred to as dark output. 
Dark output is always present and causes a reduction in the 
signal-to-noise ratio of the image sensor. Two types of 
phenomena generate dark output. In the photodiode region, 
dark output is a function of photodiode leakage current and 
integration (storage) time. The photodiode dark current is 
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Figure 2.12 Leakage of Photocarriers into Adjacent Pixels 
[Ref. 5:p. 7] 



hy 
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Figure 2.13 Conceptual Representation of Wave Length 
Impact on Diffusion [Ref. 5:p. 7] 
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very sensitive to temperature, doubling with each 7°C rise in 
temperature (see Figure 2.14). Dark output is also a function 
of PCD shift register leakage current and the signal readout 
time for each element. For long storage periods, dark output 
is dominated by photodiode leakage current. The greater the 
integration period, the smaller the dynamic range of the image 
sensor. As the storage time is reduced, leakage current from 
the shift register becomes dominant. The linear region of 
Figure 2.14 illustrates the dominance of the photodiode 
leakage current and the nonlinear region of the figure 
illustrates the dominance of the shift register leakage 
current. 




Figure 2.14 Dark Out Put Charge versus Storage Time 
Temperature Dependency [Ref. 5:p. 8] 
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(2) PCD Shift Register Section . The PCD transfer 
section is a digital shift register utilizing hooked 
conductance transistors (HCDT's) which are sharp current- 
controlled bistable switching elements with good on/off 
isolation. These elements are aligned in a row along the 
silicon substrate and they make use of the electrical coupling 
within the semiconductor. Figure 2.15 illustrates the 
transfer section equivalent circuit. The PCD shift register 
consists of a common anode and independent cathodes. If a 
discharge between a given anode and cathode occurs, the plasma 
existing between these two electrodes will impact the area 
around the adjacent cathode, reducing the discharge threshold 
voltage. By externally controlling the cathode voltage using 
a pulse input, it is possible to transfer a glow discharge 




Figure 2.15 PCD Shift Register Equivalent Circuit 
[Ref. 5:p. 1] 
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from one cathode area to the adjacent cathode. The 
semiconductor implementation of this transfer method does not 
require wiring and is the essential operating principal behind 
the fast switching capability PCD shift register. 

The HCDT's are separated from each other by 
a maximum of one carrier diffusion length. The register 
consists of an equivalent base, and independent emitters and 
collectors. When Vgj. and is applied, the current that flows 
between the emitters and the collectors exhibit current- 
control negative resistance characteristics. (Figure 2.16 
shows the equivalent circuit for a single HCDT.) The voltage 
Vp, where the negative-resistance region begins, corresponds 
to the HCDT on voltage. If the HCDT is on, the semiconductor 
plasma occurring due to carrier accumulation will affect the 
adjacent collector region, lowering the threshold of the on 




Figure 2.16 HCDT Equivalent Circuit [Ref. 5:p. 1] 
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voltage. By injecting a controlling current during this 
period it is possible to transfer the on-state to the adjacent 
HCDT. A three-phase clock will be the source of the 
controlling current. Clock selection for detector operation 
must be considered carefully. If the clock pulse amplitude 
is too high, the PCD shift register will saturate, rendering 
the output useless (i.e., all light collection circuits will 
discharge simultaneously) . Likewise, if the clock pulse 
amplitudes are below the minimum threshold, the glow discharge 
will not transfer to the adjacent cathode. The variation 
between the maximum and minimum pulse level is referred to as 
the operating margin. 

To ensure stable PCD shift register 
operation, the driver circuit of Figure 2.17 is utilized. The 
emitter resistance, Rg=R,+R 2 , and the emitter capacitance, C^, 
impact the circuit operating characteristics by promoting 



Vcc 
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temperature stability and efficient power utilization. At 
high frequencies (>250 kHz) , the R-i/Cg pair is removed to allow 
for stable clocking. In this case efficiency and stability 
are sacrificed for speed. 

(3) Switching (Output) Section . The output 
section consists of a bank of lateral pnp switching 
transistors (refer to Figures 2.8 and 2.18 for implementation 
and equivalent circuit) . The video signal (output) is 
generated when the PCD shift register sequentially addresses 
successive switching transistors allowing the photodiodes to 
discharge through the transistor collector, effectively 
transforming spatial data into a series of signals. The 
collectors of all switching transistors are tied to a common 
video line and the output data becomes available for 
collection at this point. 




Figure 2.18 Switch Section Equivalent Circuit [Ref. 5:p. 1] 
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Two methods of data collection are possible. 
The current-detection method of data collection uses a 
resistive load tied to the video line. If the current- 
detection method is used, the data will be represented by a 
differentiated waveform. The output signal will be nonlinear 
with respect to the input signal and signal processing must 
be performed on the peak value of the wave form. The peak 
value will have a time variation dependent on the output 
level. If linear response or high accuracy at low output 
levels is required, the current-integration method of 
detection should be used. The integration method uses a 
charge amplifier to integrate the total output signal 
providing a rectangular wave shape which is easy to acquire 
and analyze. The process of integration ensures linear 
response by eliminating the time variation in the output 
signal (i.e., the variation averages out). 

b, Hameunatsu Low Noise Driver/Amplifier Circuit 

Hamamatsu provides a driver/amplifier circuit with 
a variety of useful control functions as illustrated in 
Figure 2.19. The amplifier board provides the control signal 
generation, the PCD clock driver required for stable 
switching, and the charge amplifier required for signal 
processing. The circuit is designed for interfacing with the 
very sensitive image sensor and proper filtering of power 
supplies results in low-noise operation (2700 electrons rms) . 
The driver/amplifier circuit requires only five inputs to 
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Figure 2.19 Block Diagram of Flight Qualified 
Driver Amplifier [Ref. 5:p. 9] 



control and operate the image sensor, thereby reducing the 
complexity of user interface with the image sensor. The 
required inputs will be more fully discussed in the section 
on detector signals. 

c. ITT Image Intensifier (F4145) [Ref. 7] 

The image intensifier provides the mechanism for 
coupling the low level ultraviolet radiation (1800-3400 A) to 
the PCD image sensor. Initially, the image intensifier 
accepts UV photons through a fiber optic window. Electrons 
are produced when the photons enter the photocathode. The 
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electrons pass through two microchannel plates in cascade 
under the influence of high voltage resulting in highly 
energetic electrons. The electrons are absorbed by a P-20 
phosphor screen producing visible light over a visible 
spectrum of 4750-6000 A. The high voltage can be controlled 
through the use of a reference voltage which is variable on 
the range 0-10 v. Adjusting the reference voltage to 10 v 
will provide the maximum gain (4x10^) 

2 . Detector Operation 

Through the use of optics, the MUSTANG spectrograph 
produces a spectrum over the desired wavelengths (1800-3400 A 
at the instrument focal plane) . These UV photons are 
converted (image intensifier) into an electron stream, 
accelerated, and reconverted into high energy photons at the 
wavelengths (4750-6000 A) required for image sensor operation. 
The process of photon capture will continuously illuminate the 
PCD image sensor. The image sensor output is controlled 
through the application of a system clock and a start clock. 
The system clock provides the reference for the three-phase 
clock generated by the driver amplifier circuit. The start 
clock provides the start reference for data output. The 
frequency of the start clock will determine the integration 
period; the greater the clock frequency, the shorter the 
integration period. 
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3 . Detector Signals 



For synchronized operation, the detector requires two 
input reference signals, the system clock and a reference 
start clock. Two external reference signals are generated by 
the detector to synchronize the two channels of available data 
with the signal processing circuits. Figure 2.20 illustrates 
the relative relationship of the control and serial analog 
output signals. All signals are referenced to the system 
clock. The system clock will operate at the same frequency 
as the PCM encoder bit clock illustrated above in Figure 2.6. 

C. POWER SUPPLIES 

The rocket power system is composed of three independent 
28 V unregulated busses (28+4 v) . The three power busses 
consist of the instrumentation power system, the experiment 
power system, and the door power system. MUSTANG utilizes 
power from the experiment power system to provide analog and 
digital power to the detector and the interface board. The 
PCM encoder and Aydin Vector transmitter receive power from 
the instrumentation power system. The door power system 
provides the power to open the hermetically-sealed experiment 
door after rocket motor separation and provides power to the 
film advance motors utilized in the HIRAAS experiment. The 
door power system is separated from the electronic busses to 
ensure isolation of the motor-generated noise. A block 
diagram of the power distribution is illustrated in Figure 
2.21. Each component requiring power must provide individual 
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Figure 2.20 PCD Image Sensor Control And Data Signals 
[Ref. 5:p. 13] 
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Figure 2.21 



Block Diagram of the Power Supply 
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0-10 V Reference Signal 



power regulation if the unregulated bus specifications exceed 
the limitations of the component. As mentioned previously, 
the PCM encoder and the data transmitter will accept 
unregulated 28 v dc power. The remainder of the MUSTANG power 
requirements will be provided by a 5 v regulator (digital 
power) , a +15 v regulator (analog power) , and a high voltage 
regulator (image intensifier power). 
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III. INTERFACE DESIGN 



In Chapter II, The subsystems that provide data 
acquisition and control were presented. These subsystems have 
demonstrated operational reliability. The focus of this 
chapter is the design requirements of the interface circuit 
that couples MUSTANG to the sounding rocket telemetry and 
control subsystems. 

A. CIRCUIT DESIGN REQUIREMENTS 

The interface design requirement can be simply stated: 
given the analog output of the image sensor, design a system 
that will reformat and store the image sensor data until 
requested by the PCM encoder for transmission. 

1 . Signal Processing 

The interface board must sample the analog serial data 
generated by the image sensor and format the data so that it 
is compatible with the PCM encoder. Three interface 
alternatives were considered, two of which were feasible. The 
alternatives considered were: 

- Direct analog-to-digital (AD) conversion of the analog 
signal performed by the PCM encoder. 

- Sample and hold the significant elements of the analog 
signal followed by AD conversion of the sampled data. 

- Direct AD conversion of the significant elements of the 
analog signal by an independent analog-to-digital 
converter (ADC) . 
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The physical positioning of the various rocket 
components (see Figure 3.1) precluded coupling the MUSTANG 
detector directly to the PCM encoder with the analog signal 
lead for three reasons: 

- There is significant signal attenuation since the signal 
path is approximately five feet long. 

- The signal lead would be forced to travel adjacent to 
inherently noisy systems such as the film-advance motor 
(used in HIRAAS ) , various power supplies, and the attitude 
control system. 

- Given the data acquisition rate (Figure 2.20) and the 
telemetry requirements (Figure 2.5), it is operationally 
impossible to synchronize the generated analog signals to 
the operational requirements of the PCM ADC. 

The second alternative, sampling the analog signal at 
the appropriate time and performing the subsequent AD 
conversion on the sampled signal, looked promising. The 




Figure 3.1 Sounding Rocket Configuration Block Diagram 
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leading edge of the TRIGGER pulse, generated by PCD image 
sensor, provided an excellent reference signal for the sample 
and hold device. The generated TRIGGER pulse coincides with 
the most stable portion of the image sensor analog signal (see 
Figure 2.20). Once sampled, an ADC digitizes the stored 
analog signal. Based on the system clock frequency of 
200 kHz, the analog signal would require sampling every 
20 Msec. The sample-and-hold device would be required to 
sample and save the signal in the 5 /isec corresponding to the 
time that the TRIGGER is pulsed on. An independent AD 
converter would be allocated 15 Msec to complete the 
acquisition process and perform the digital quantization of 
the analog data. The quantization accuracy of AD converter 
is constrained by the PCM encoder which processes a maximum 
of 10-bits/word. 

The third alternative called for the direct AD 
conversion of the analog signal. The analog signal must still 
be sampled every 20 Msec; however, the sample-and-hold device 
would not be used in this implementation. The ADC would be 
required to digitize the analog signal during the 5 Msec 
period that the TRIGGER is pulsed on. This implementation 
demonstrates the tradeoff between utilizing a simple circuit 
(sample and hold device removed) and a more costly circuit 
(faster AD converter) . 
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2 . Data storage 



The PCM encoder data transmission requirements (Figure 
2.5) mandate that the 512 pixels of analog data generated by 
the PCD image sensor in one integration period be processed 
and transmitted every 51.2 msec. Furthermore, the PCD image 
sensor operational requirements (Figure 2.20) demonstrate that 
only 10.24 msec is required to process the 512 pixels of 
acquired data generated each integration period. The storage 
device must be capable of storing the generated data 
independent of the PCM encoder data access requirements due 
to the asynchronous nature of the acquisition and transmission 
operations. 

Two methods of data storage were considered. Random 
access memory (RAM) was considered as a space-efficient 
alternative allowing for easy access to a large quantities of 
data. Secondly, a first-in/first-out (FIFO) memory device was 
considered as an operationally efficient alternative allowing 
for simple clock control of the read and write cycles. Each 
device can be configured to perform the same asynchronous read 
and write functions. The use of RAM requires the 
implementation of an input and an output counter to indicate 
the current write and read memory locations. Clocks may be 
used to advance the memory counters as required. The FIFO can 
utilize clocked inputs directly to asynchronously read and 
write the data. One concern with utilizing FIFOs is that, as 
a general rule, they do not have the data storage capacity 
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found in RAM. The storage device must have the capacity to 
assimilate the data accumulation as it occurs during the first 
10.24 msec of each communication frame (see Figure 2.5). The 
data accumulation occurs as a result of the differing read and 
write data rates. The maximum required data storage is 384 
words (10-bits/word) . 

3 . Data Access bv PCM Encoder 

The PCM encoder will access the data as outlined in 
Figure 2.5. To access all of the data acquired and stored in 
one integration period requires 51.2 msec. The interface 
electronics must "setup" the stored data ensuring the data is 
available when the PCM encoder accesses the respective digital 
data line. (Figure 3.2 illustrates the "READ" reference 
signals provided by the PCM encoder.) The PCM encoder 
requires a signal level of 3.0 v or greater (maximum 35 v) to 
guarantee a logic "1" and a signal level of 2.0 v or less 
(minimum -35 v) to guarantee a logic "0". An open circuit 
input will be recognized as a logic zero. Once the data is 
made available, it must remain stable for the one half word 
period prior to the next word pulse (25 ^ sqc ) . The 
requirement for stable data suggests that a digital latch 
would provide an appropriate interface between the memory 
device and the PCM encoder. 

4 . Power Sources 

To complement the modular design concept, all of the 
power required to support MUSTANG operation should be provided 
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Figure 3.2 Required System Control Signals 



via the interface circuitry. MUSTANG requires + 15 v to 
support analog circuit operation, a 0-10 v reference signal 
for the HV power supply, and 5 v to support digital circuit 
operation and the HV power supply (Figure 2.21). The 5 and 
dual 15 V power supplies are modular components installed in 
the electronics section of the rocket. 

Recent rocket experiments have verified that arcing 
occurs when HV power supplies are operated in a partial 
vacuum. The phenomenon of arcing is most probable as the 
rocket transitions from the earth's environment into the 
experimental environment (altitude of about 100 km) . Gasses 
in the vicinity of the arc tend to ionize establishing 
inconsistencies in the gasses and their constituents. These 
inconsistencies will adversely impact the accuracy of the data 
collected during the experiment. To reduce the risk of arcing 
and subsequent experimental data degradation, NASA has 
provided a redundant multi-function timer (WFF 30 Channel 
Multi-function Timer) to control in-flight events. The 
sequence of events is as follows: 



- Program ON 


1.0 


sec 


- Relay Reset ON 


10.0 


sec 


- Relay Reset OFF 


50.0 


sec 


- HIRAAS Experiment ON 
MUSTANG Experiment ON 


60.0 


sec 


- Door Open ON 


66.0 


sec 


- Door Open OFF 


90.0 


sec 
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HIRAAS HV ON 
MUSTANG HV ON 


110.0 


sec 


HIRAAS HV OFF 


513.0 


sec 


Door Close ON 


517.0 


sec 


HIRAAS Experiment OFF 
MUSTANG HV and Experiment OFF 


523.0 


sec 


Program OFF 


555.0 


sec 



The event sequence timers provide control signals to relays 
(Deutsch, see Appendix F for details) which, in turn, control 
the power distribution. Chapter IV will discuss the operation 
of the relay box in detail. [Ref. 8] 

The 0-10 V reference voltage must be generated by the 
interface board as no other source of variable voltage exists. 
The reference voltage controls the MicroChannel Plate input 
voltage and ultimately the amplification characteristics of 
the image intensifier [Ref. 7]. Calculations by the NPS 
Physics department have concluded that the reference voltage 
should be adjusted to 10 v [Ref. 9]. 

B. FINALIZED CIRCUIT DESIGN 

Figure 3.3 presents the design that functionally 
interfaces the MUSTANG detector with the system telemetry. 
The design can be segregated into four distinct functional 
structures: data acquisition, data storage, data trans- 
mission, and reference signal generation. Figures 2.6 and 
2.20 illustrate the reference signals generated by the PCM 
encoder and the MUSTANG detector respectively. Utilizing 
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Figure 3.3 System Schematic 





selected reference signals (Figure 3.2) with the interface 
design provides an operationally complete instrument. 

1. Data Acquisition 

Data acquisition is initiated by the FRAME clock 
(Figure 3.2) . The FRAME clock pulse length is one word period 
in duration (50 ^isec ) . The 54LS122 monostable triggers on the 
rising edge of the FRAME clock and generates a 10 ^sec START 
pulse. To insure initialization of the PCD image sensor, the 
START pulse must be at least 500 nsec in duration. A 10 nsec 
START pulse is required to meet the reset limitations imposed 
by the memory device (explained in the next section) . The PCD 
image sensor generates a TRIGGER signal which is synchronized 
by the leading edge of the START pulse. The TRIGGER signal 
is on for one BIT period (5 /isec) and off for three BIT 
periods. The TRIGGER signal is synchronized to correspond 
with the most stable region of the analog signal. 

The leading edge of the TRIGGER signal triggers the 
first monostable on the 54LS221. The monostable generates a 
550 nsec ENCODE pulse (a minimum of 150 nsec is required) 
which is used to initialize and trigger the HAS1202 ADC. The 
HAS1202 will perform a 12-bit conversion in a maximum of 
2.8 n^ec. Although the ADC has a resolution of 12 bits, the 
PCM encoder will process only 10 bits of data per word. The 
nine most significant bits generated by the ADC will be stored 
in memory (the memory can store only 9 bits) , the three 
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remaining least significant bits will be ignored. The 12-bit 
AD converter was selected based on cost and availability of 
the component. 

2 . Data Storage 

The leading edge of the ENCODE pulse triggers the DATA 
READY signal. The DATA READY signal will go high 60 nsec 
after the ENCODE pulse leading edge. The DATA READY signal 
will remain high until the AD conversion is complete (a 
maximum of 2.8 ^sec) . The falling edge of the DATA READY 
signal will trigger the second monostable on the 54LS221 to 
generate a 2 ^sec WRITE signal. The CMOS 512 by 9 bit FIFO 
(IDT7201SA) was selected for the project. Selection, once 
again, was based on availability and cost of the device. The 
WRITE signal triggers the FIFO which, in turn, reads the nine 
most significant bits of data from AD converter. The data 
will "fall through" the FIFO and will be stored in the 
subsequent unfilled memory location. The WRITE function is 
independent of any ongoing READ functions. 

As mentioned above, the required waveshape of the 
start pulse is dictated by the reset requirements of the FIFO 
(see Appendix I for details). Figure 3.2 illustrates that the 
RESET signal is the inverse of the START signal. Prior to the 
RESET signal going high, the FIFO requires the WRITE and READ 
signals to be high for 120 nsec. The RESET signal must go low 
for a minimum of 120 nsec to guarantee proper reinitial- 
ization. Once the RESET returns high, the READ and WRITE 
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signals must remain high for a minimum 20 nsec. To ensure all 
the timing requirements associated with the resetting of the 
FIFO are met, the RESET signal will remain low for 10 /xsec. 

3. Data Transmission 

Data is read from memory as requested by the PCM 
encoder. The READ signal is generated when the WORD clock and 
the ENABLE pulse are "nanded" together. The inverse of the 
READ signal is the LATCH signal which allows 9 bits of digital 
data to be loaded into the output latch (2-SNJ54HC373) . The 
PCM encoder allows a data setup time of 25 jusec referenced to 
the leading edge of the current WORD period. While the data 
is being read, it must remain stable for the remaining 25 jusec 
of the current WORD period. The current circuit configuration 
will transfer data to the output latch in 5 jusec and allow the 
data to remain latched and stable for 45 jusec. CMOS latches 
are used to ensure that the "logic 1" was 3 v or greater as 
required by the PCM encoder. 

4 . Reference Signal Generation 

A 10.0 V reference signal used to support the HV power 
supply operation was generated utilizing a three-terminal 
adjustable regulator (LM317LZ) . The regulator input is 15 vdc 
and the input signal is provided via the HV control relay. 
During the experiment, both the 5 v supply power and the 
10.0 V reference signal will be applied simultaneously to the 
HV power supply as described in the mission sequence of events 
described above. 
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C. POWER SUPPLY CALCULATIONS 

Prior to flight, the power consurption nust be detemined 
to ensure proper selection of flight batteries. During the 
design phase, power consurption was based on the worst-case 
(highest power consumption) values provided by the respective 
component databooks. This estimation was refined and verified 
by measurement once the flight instrument became operational. 
Direct measurements by a voltmeter across the power supply 
output and an in-line ammeter established that 410 ma at 5 v 
and 130 ma at 15 v will be required to support instrument 
operation. Battery consumption was calculated as follows: 

Battery Consumption = 5 v Supply Power + 

15 V Supply Power (3.1) 

= 5.32 watts - 6.44 watts (3.2) 

= 11.76 watts (3.3) 

The power required to support the 5 v Supply is calculated 

from Figure 3.4 and the power required to support the 15 v 

Supply is calculated from Figure 3.5. 

Figure 2.21 illustrated the rocket power distribution. 

The sequence of events established the need for 460 seconds 

(approximately eight minutes) of instrumentation power. The 

anticipated total power requirement (HIRAAS and 2-mustang) is 

1200 ma at 28 v for a period of 460 secs. The combined 

experiments will utilize 0.16 AH of the available 0.62 AH of 

battery power. 
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INPUT CURRENT (ma) 




OUTPUT CURRENT (ma) 

Figure 3.4 Bus Power Required to Support 5 v Power Supply 
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INPUT CURRENT (ma) 




Figure 3.5 System Bus Power Required to Support 15 v 
Power Supply 
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Once the interface board became operational, the detector 
and the interface board were ready for laboratory testing. 
Further circuit development was required to couple the 
detector and MUSTANG interface board to a system that 
simulated the rocket PCM encoder. The simulated encoder and 
the interface test equipment is referred to as the Ground 
Support Equipment (GSE) . 
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IV. DESIGN OF GROUND SUPPORT EQUIPMENT 



To support the testing and the alignment of the MUSTANG 
instrument, Ground Support Equipment (GSE) was designed and 
implemented. The GSE provides instrument support in two 
operating environments. With GSE support, MUSTANG can be 
operated in the laboratory where the instrument is tested and 
aligned. The GSE can also be utilized for in-place preflight 
testing to ensure the proper operation of both the instrument 
and the sounding rocket telemetry and control system. The 
block diagram provided in Figure 4.1 illustrates the possible 
GSE options. To fully appreciate MUSTANG and the GSE 
interface, knowledge of the sounding rocket electrical wiring 
configuration is required. 

A. MUSTANG WIRING DESCRIPTION 

MUSTANG and HIRAAS are independently operated instruments. 
The actual interfacing of the two experiments is carried out 
in the electronics section of the sounding rocket (see Figure 
3.1). Common wiring is provided by NASA from the telemetry 
and control section to the electronics section of the rocket. 
In the electronics section, the experiments are separated 
ensuring experimental independence. Experimental independence 
ensures that a failure of one experiment will not adversely 
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impact the operation of the remaining experiment. Figure 4.2a 
illustrates the electrical wiring configuration required to 
support the in-flight experiment [Ref. 10]. Operation of 
MUSTANG in a testing configuration will be discussed in the 
next section. 

Five subsystems are mounted in the electronics section to 
support MUSTANG. These subsystems are illustrated in Figure 
4.2b and include: 

- Power Supplies (designed by RSI) 

- Relay Box [Ref. 11] 

- HV Safety Jumpers 

- 28 V Distribution Box 



GSE Interface Connectors 
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Figure 4.2a Wiring Di, 
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Figure 4.2b Support Components Required to MUSTANG [Ref. 9] 
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Experimental power is provided by the sounding rocket 28 v 
unregulated bus. The unregulated power is distributed to both 
MUSTANG and HIRAAS through the 28 v distribution box. The 
distribution box is the subsystem where the two experiments 
are separated. The power supplies (+ 15 v and 5 v) convert 
the unregulated power into the appropriate regulated power to 
support MUSTANG'S analog and digital loads. The power is 
routed via the relay box to the instrumentation (for details 
see Figure 4 . 2c) . 

The relay box is controlled by the flight sequence timers 
ensuring strict control of the instrument operation. The 
relay box also splits the regulated power to achieve: 

- 5 V instrumentation power 

- 5 V support of the HV power supply 

- ±15 V instrumentation power 

- 15 V support of the HV power supply. 

The HV power supply must be carefully controlled to prevent 
inadvertent energization while testing is in progress. 
Previous experience by NRL researchers has verified that the 
HV power supplies operate properly under total vacuum and at 
Standard Atmospheric Pressure (STP) . If the power supplies 
are operated under a partial vacuum, arcing is probable, 
resulting in damage to the power supply and surrounding 
electronics. Personal safety is also a concern when 
considering the operation of HV power supplies. The 
subsystems inside the rocket are closely situated and extreme 
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Figure 4.2c MUSTANG Relay Box Schematic [Ref. 10] 



care must be exercised to ensure that personnel do not come 
in contact with energized components powered by a HV power 
supply. To aid in the control of the HV power supply, jumpers 
(connector 25) have been installed to interrupt the HV power 
supply energy source. Finally, the relay box generates 
monitoring signals which are transferred to the PCM encoder 
(Chapter II) . These monitoring signals are incorporated into 
the transmitted data stream and provide information on the 
operational status of the various MUSTANG power supplies. 

The GSE connector (connector 26) provides the required 
interface to externally monitor data when MUSTANG is mounted 
in the flight configuration. The connector also provides the 
option of externally controlling MUSTANG when the PCM encoder 
is unavailable to support flight configuration testing. 

B. GSE GENERAL REQUIREMENTS 

The GSE is required to support MUSTANG in a variety of 
operational configurations. In the laboratory, the PCM 
encoder control signals (see Figure 3.2) are simulated. 
Laboratory testing is required for MUSTANG initial operational 
testing and alignment. During rocket integration, operational 
testing is required to analyze the performance of MUSTANG in 
the flight configuration. The GSE allows for data 
accumulation and evaluation in either configuration. The GSE 
schematic is illustrated in Figure 4.3. 
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Figure 4.3 Ground Support Equipment Schematic 



1. GSE Functions 



The GSE schematic illustrates eight basic functions 
that the system can perform. These eight functions are listed 
below: 

- 28 V power supply to support operation of the 5 v and 
+15 V power supplies 

- 5 V internal PS to support GSE logic circuits 

- Macintosh II computer interface 

- ON/OFF control of the 5 v and ±15 v power supplies in both 
the laboratory and flight configurations 

- Clock select circuitry 

- Flight configuration test interface 

- Laboratory configuration test interface 

- Visual data display. 

The functions listed above will be described in detail in the 
following two sections. These functions will be described in 
terms of their functionality with respect to the appropriate 
testing configuration. 

2 . GSE Configuration To Support Laboratory Testing (refer 
to Figure 4.4) 

The Laboratory test configuration is required to 
support interface circuit testing, MUSTANG alignment, and 
power supply testing. The PCM encoder is not available in the 
laboratory environment; therefore all laboratory testing 
requires the GSE to simulate the PCM encoder. The PCM encoder 
control signals are generated by the Macintosh II computer 
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Figure 4.4 Block Diagram Showing GSE in Laboratory 
Test Configuration 

running Labview software (purchased from National 
Instruments) . Three interface boards, designed in two 
configurations, are installed in the computer. The installed 
configurations consist of: 

- two Multi-function Input/Output (MIO) boards (NB-MIO-16) 

- one Digital Input/Output (DIO) board (NB-DIO-32F) . 

The computer not only generates control signals, but digital 
data acquisition is also possible with the bit clock running 
at a frequency of 100 kHz or less. The MIO boards generate 
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the simulated PCM encoder control signals and the data request 
signals required by the DIO board. The DIO board is 
programmed to acquire and plot 512 frames of 10-bit digital 
data. Each frame of digital data corresponds to one element 
of the 512-element PCD image sensor. For laboratory 
operation, the clock select switch should be selected to the 
computer position. 

The GSE generates 28 vdc power at 1.5 A to support 
testing of the mission power supplies. In the laboratory test 
configuration, the power supplies are removed from the rocket 
and are attached to the GSE via the 23' and 24' connectors. 
In this configuration the relay box is not available to 
control the sequencing of the power. Two switches (Laboratory 
Power Sequencing) control both the HV power distribution and 
the instrumentation power distribution. In the event the 
flight-configured power supplies are not available, any power 
supply capable of delivering the rated power may be interfaced 
using the appropriate connectors at positions P23' and P24 ' . 
The 28 V power supply also provides power to a 5 v GSE 
internal power supply. The internal power supply provides 
power for the GSE logic circuits and visual data display (10 
Light Emitting Diodes-LEDs) . 

In the laboratory configuration, the GSE is interfaced 
to MUSTANG utilizing the PG3-P401' jumper. In this test 
configuration, the PCM encoder and the relay box have been 
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excluded. The computer will provide the control signals and 
capture the digital data. 

3. GSE To Support Pre-Fliaht Testing (see Figure 4.5) 

Once MUSTANG has been integrated to the sounding 
rocket, testing is performed to ensure proper operation of the 
complete flight package. In this configuration the flight- 
qualified power supplies are installed in the electronics 
section as illustrated in Figure 4.2b. The HV power supply- 
jumpers (connector 25) may or may not be installed based on 
the current status of installation and testing. Power 




Figure 4.5 Block Diagram Showing GSE in Pre-Flight 
Test Configuration 
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sequencing of the system will be controlled by the system 
timing relays. The PG3-P401' connector is not used and the 
GSE is interfaced to the sounding rocket via the GSE Interface 
Connector (connector 26) . The computer will not generate 
control signals in this configuration, but the computer will 
be available to collect data. The PCM encoder is required to 
operate as it would in flight. Data transmitted by the rocket 
may be compared to data accumulated by the computer and system 
operation can be verified. 

An alternate configuration is possible if the 
telemetry and control electronics are not available for 
testing. NRL has developed a 28 v power supply that can be 
externally jumpered to the 28 v Monitor Board (see Figure 
4.2b). The jumper at PGl is disconnected isolating the PCM 
encoder. The GSE generates a 28 v signal which can be 
externally applied (see Figure 4.2c) to the relay box. In 
this configuration, the system control signals will be 
generated by the computer. Subsequent data collection will 
also be performed by the computer. 

C. GENERAL TESTING 

Three basic test configurations have been presented. 
Detailed analysis of Figure 4.1 suggests that a wide variety 
of testing configurations are possible. The instrument can 
be configured to support most any test configuration that the 
current situation dictates; however, care must be taken to 
understand the implications of an alternate test setup. 
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V. CIRCUIT DEVELOPMENT AND TESTING 



A. PROTOTYPE DEVELOPMENT AND TESTING 

Prototype development was initiated by determining the 
operating characteristics of the PCM encoder and the PCD image 
sensor. Discussions with NRL, RSI, and NASA further defined 
the operating requirements of the MUSTANG interface circuit 
as discussed in Chapter III. Once the initial background was 
completed and the desired operating characteristics were 
defined, the original schematic for the system was designed. 

The original system schematic was analytically tested to 
verify the proper interfacing of MUSTANG and the PCM encoder. 
The availability of electrical components, specifically the 
ADC and the FIFO, required changes to be made to the original 
schematic. Once the changes were implemented, circuit 
operation was re-verified analytically. Successful completion 
of analytical circuit verification led to the purchase of the 
required electrical components (illustrated in Figure 3.3). 

The initial operational circuit was layed out on a bread- 
board and tested for proper operation. At this point in 
development, the GSE was not available and initial testing was 
performed using the test circuit illustrated in Figure 5.1. 
A spare PCD image sensor was purchased and was mounted in a 
monochromator to support circuit testing. The PCD image 
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PI P2 




Figure 5.1 Prototype Interface Circuit Test 
Configuration 
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sensor, utilized independently of the image intensifier, is 
a visible light detector. The BIT clock was generated with 
a Wavetek 11 MHz stabilized sweep generator operating at 200 
kHz. The FRAME clock was generated with a Wavetek model 130 
function generator operating at 18.5 Hz. The WORD clock was 
simulated by tieing the TRIGGER pulse to the WORD clock input. 
The ENABLE pulse was disregarded and the WORD clock was also 
tied to this input. 

Initial testing was performed to determine the linear 
response of the AD conversion process and to assure proper 
FIFO operation. Light Emitting Diodes (LEDs) were used to 
determine digital data output. The detector output was 
disconnected from the ADC input and a known dc input was 
applied to the ADC input. The results of the test are 
illustrated in Figure 5.2a. The response of the ADC was 
linear but additive noise adversely impacted the AD conversion 
of analog data (see Figure 5.2b). The observed noise 
coincided with the edges of the BIT clock and it was apparent 
that the BIT clock was radiating into adjacent circuit 
components. The noise component, superimposed on the signal, 
was a damped sinusoid (ringing) with a frequency of 10 MHz and 
a maximum zero to peak level of 100 mv. The noise would damp 
to zero in approximately 0.5 ^sec. The initial circuit design 
did not provide noise reduction capacitors between the power 
and ground leads of each circuit component as suggested by 
reputable authors [Ref. 11]. 
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PROTOTYPE ANALOG TO DIGITAL OBSERVATION 




(Thousands) 

BINARY VALUE(dccimal format) 

THEORETICAL CURVE PROTOTYPE CURVE 



Figure 5.2a Linearity Test for Prototype Interface 
Circuit 
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PROTOTYPE ANALOG TO DIGITAL 



EXPANDED OBSERVATION 




BINARY VALUE(dccimaI format) 

□ THEORETICAL CURVE + PROTOTYPE CURVE 



Figure 5.2b Expanded View of Linearity Test for Prototype 
Interface Circuit 
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The testing of the bread board circuit validated the 
MUSTANG interface design. Improved noise reduction was 
anticipated by implementing a circuit board design and 
utilizing noise reduction techniques. 

B. INITIAL CIRCUIT BOARD DEVELOPMENT AND TESTING 

The initial circuit board was designed with noise 
reduction in mind. The following noise reduction techniques 
were used; 

- The high frequency noise, superimposed on the power leads, 
was suppressed by establishing a high frequency ground 
path using a parallel combination of 0.01 juF and 10.0 iiF 
capacitors. 

- Analog ground leads were separated from digital ground 
leads and the ground leads were tied together as far as 
possible from the interface circuitry. 

- Each circuit component power lead was filtered by placing 
a 0.01 juF capacitor between the power and ground pins. 
This capacitor was placed as close as possible to the 
component to minimize lead length and subsequent 
interference from adjacent leads. 

The board was fabricated utilizing a milling machine designed 

for cutting circuit boards. The testing configuration of 

Figure 5.1 was utilized to validate the circuit design. The 

testing results are documented in Figure 5.3. Comparison of 

Figures 5.2 and 5.3 confirm the improved noise performance of 

the initial circuit board over the prototype circuit 

(discussed above in part A) . The influence of noise, on the 

prototype circuit, resulted in nonlinear performance of the 

three least significant bits (80 mv, 40 mv, 20 mv bits) . When 

the initial circuit board was tested, only the least 
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INITIAL PC BOARD ANALOG TO DIGITAL 




niNARY VAl.UE(dQclnial format) 

THEORUTICAL CURVE INITIAL PC BOARD 



Figure 5.3a Linearity Test for Milled Interface Circuit 
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INITIAL PC BOARD ANALOG TO DIGITAL 



EXPANDED OBSERVATION 




BINARY VALUE(dccimaI formal) 

a THEORETICAL CURVE + INITIAL PC BOARD 



Figure 5.3b Expanded View of Linearity Test for Milled 
Interface Circuit 
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significant bit (20 mv bit) had a nonlinear response. 
Oscilloscope measurements of the analog data signal revealed 
that the peak to peak amplitude of the superimposed noise had 
been reduced from 100 mv to 12 mv. The initial circuit board 
reduced the noise by a factor of eight while maintaining a 
linear AD conversion characteristic. [Ref. 11] 

Close examination of the AD conversion timing sequence 
verified that the conversion of the two least significant bits 
was occurring 2.5 /Ltsec after the leading edge of TRIGGER 
pulse. The 2.5 jitsec delay corresponded to both the falling 
edge of the BIT clock and the maximum observed noise (see 
Figure 5.4). Readjustment of the ENCODE pulse width (see 
Figure 3.3) resulted in the AD conversion being completed 
prior to the falling edge of the BIT clock. By advancing the 
AD conversion, the adverse impact of noise on the digitizing 
process was eliminated (see Figure 5.5). Validation of the 
interface circuitry was now complete. 

Upon completion of circuit validation, development of a 
formal test circuit was initiated. The test circuit, known 
as the GSE (see Chapter IV) , was developed to support a 
variety of testing requirements. The GSE design was validated 
by operationally testing a prototype constructed on a bread- 
board. During this test, the Macintosh computer generated 
all of the system clocks and collected the digitized video 
data. The development of the GSE resulted in the ability to 
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ENCODE 



BY SHITTING TIC ENCDDE PULSE (=600nsfc) 
THE IMT SKMEICANT BITSS VERE SAMPLED 




Figure 5.4 Illustration of the Impact of the ENCODE Pulse 
Width on Digital Data Errors 
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FINAL PC BOARD ANALOG TO DIGITAL 



OBSERVATION 




Figure 5.5a Linearity Test for Milled Interface Circuit 
after ENCODE Pulse Width Adjustment 
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FINAL PC BOARD ANALOG TO DIGITAL 



EXPANDED OBSERVATION 




BINARY VALUE(decimal format) 

D THEORETICAL CURVE + FINAL PC BOARD 



Figure 5.5b Expanded View of Linearity Test for Milled 
Interface Circuit after ENCODE Pulse Width Adjustment 
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acquire an accurate visible mercury spectrum. Figure 5.6 
illustrates three spectrums which were obtained using a 
mercury light source and the monochromator. The observed 
mercury spectrum consisted of one green line at 54 61 A and two 
yellow lines at 5770 A and 5791 A. With the light slit 
completely closed on the monochromator, the dark response of 
Figure 5.6a was obtained. From Figure 2.14, the expected dark 
response at 25° C is 90 mv. The theoretical response of 90 mv 
validated the observed response of 80 mv to 100 mv. In 
Figures 5.6b and 5.6c, the light slit opening was varied to 
confirm proper operation of the interface circuit and GSE over 
the full range of light intensity. 

During this stage of testing, it was determined that the 
Macintosh computer, running in the Labview environment, was 
incapable of accurately acquiring data when the BIT clock was 
operated at a frequency greater than 120 kHz. By observing 
the digitizing process with the oscilloscope, proper operation 
of the interface circuit and GSE was confirmed with the BIT 
clock operating at 200 kHz. Follow-on trouble shooting 
verified that when the BIT clock was operated at a frequency 
greater than 120 kHz, the computer could not retrieve all the 
data sent to the interface circuit output buffer. At a BIT 
clock frequency of 200 kHz, the computer would miss one third 
of the data. The remainder of the testing was performed at 
100 kHz, noting that the observed spectrum amplitudes would 
be two times greater than the spectrum amplitudes observed at 
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Figure 5.6a Dector Response with no Light Present 
(Dark Counts) 
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Figure 5.6b Visible Mercury Spectrum with Monochromator 
Slit Partially Open 
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Figure 5.6c Visible Mercury Spectrum with Monochromator 
Slit Open to the Point of PCD Image Sensor Saturation 
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200 kHz. The two-fold increase in spectrum amplitude is 
directly proportional to the increased integration time. Once 
the GSE testing was completed satisfactorily, the permanent 
test equipment was fabricated as described in Figure 4.3. 

C. FINAL CIRCUIT BOARD FABRICATION, INTEGRATION, AND TESTING 

From the schematic used to generate the initial milled 
interface circuit board, artwork for an etched circuit board 
was fabricated. Two etched interface circuit boards were 
purchased and populated (one board served as a backup) . A 
flight chassis was milled from aluminum, and the interface 
circuit board was installed in the chassis. NRL provided an 
instrument mounting bracket that was a replica of the flight 
mounting bracket. Research Support Instruments (RSI) mounted 
the flight detector onto the replicated mounting bracket and 
sent the assembled system to NFS. At NFS, the flight chassis 
was secured to the mounting bracket. The final cable runs 
were fabricated and installed. MUSTANG was now completely 
assembled and ready to undergo the final phase of testing. 

The final phase of testing was performed by operating 
MUSTANG in a known ultraviolet (UV) environment. Testing was 
performed utilizing the laboratory test configuration 
described in Chapter IV (see Figure 4.4). A mercury light 
source was used to illuminate the instrument resulting in the 
spectrum recorded in Figure 5.7 (single spectral line occurs 
at a wavelength of 2537 A) . The observed spectrum matched the 
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VOLTAGE OUTPUT (MV XIO) 




Figure 5.7 Mercury Ultraviolet Spectrum 
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predicted wavelength response of a mercury spectrum thereby 
validating the operation of MUSTANG. 



D. SYSTEM INTEGRATION AND ILLUSTRATIVE PHOTOGRAPHS 

Photographs of the integrated flight instrument system 
have been provided in Figures 5.8-5.14. Additionally, sample 
waveforms have been included for general interest. All 
clocked waveforms were generated by the Macintosh computer 
operating in the Labview environment. The following is a 
brief synopsis of each photograph: 

- Figure 5.8 illustrates MUSTANG configured in a laboratory 
test environment. Pictured equipment includes the 
Macintosh computer, GSE, 5 and +15 v power supplies, and 
the detector 

- Figure 5.9 illustrates the flight interface circuit 
(fabricated and assembled at NPS) 

- Figure 5.10 illustrates the 10 kHz WORD clock (bottom) 
referenced to the 100 kHz BIT clock (top) 

- Figure 5.11 illustrates the TRIGGER signal (bottom) 
referenced to the 100 kHz BIT clock (top) . There are four 
BIT clock cycles to each TRIGGER period 

- Figure 5.12 illustrates the ENABLE pulse (bottom) 
referenced to the to the 10 kHz WORD Clock (top) . There 
are 16 WORD pulses for each ENABLE pulse representing the 
16 WRITE commands required for each row of the 
communication frame 

- Figure 5.13 illustrates the AD conversion of the least 
significant bit (bottom) referenced to the TRIGGER signal 
(top) 

- Figure 5.14 illustrates the FRAME period of 102.4 msec. 
The pulse width is small (600 nsec) in relation to the 
periodicity of the signal. 
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Figure 5.8 Detector and Test Equipment in Laboratory 
Test Configuration 





Figure 5.9 Flight Qualified Interface Circuit 
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Figure 5.10 Computer-Generated BIT Clock (Top) and 
WORD Clock (Bottom) 

(Vertical Scale; 5 v/div, Horizontal Scale: 20 ^sec/div) 




Figure 5.11 Computer-Generated BIT Clock (Top) and 
TRIGGER (Bottom) 

(Vertical Scale; 5 v/div, Horizontal Scale; 10 ;isec/div) 
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Figure 5.12 Computer-Generated WORD Clock (Top) and 
ENABLE (Bottom) 

(Vertical Scale; 2 v/div, Horizontal Scale: .5 msec/div) 




Figure 5.13 TRIGGER Signal (Top) and the 
Digitizing of the Least Significant Bit (Bottom) 
(Vertical Scale: 2 v/div, Horizontal Scale: 2 ^isec/div) 
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Figure 5.14 FRAME Pulse (Period 102.4 msec) 
(Vertical Scale: 2 v/div, Horizontal Scale: 20 msec/div) 



By analyzing the photographs, the following conclusions 
can be drawn: 

- The WORD clock is properly synchronized to the BIT clock 

- The TRIGGER signal, generated by the PCD image sensor, is 
properly synchronized to the BIT clock. The TRIGGER pulse 
width is 1 BIT period 

- 16 WORD clock periods occur each time the ENABLE pulse is 
high. The ENABLE signal has a duty cycle of 50 percent 

- The least significant bit is converted by the ADC prior 
to the falling edge of the BIT clock. The influence of 
edge noise on the AD conversion of the analog signal is 
eliminated 

- The frame clock period is 102.4 msec. 

The photographs documented the proper operation of the MUSTANG 
interface board and the GSE. 
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VI 



CONCLUSIONS 



The development and integration of MUSTANG afforded NPS 
the opportunity to participate collectively with other 
organizations in scientific research. The operational theory 
required for MUSTANG was developed collectively by NPS 
students and NRL scientists. The Office of Naval Research 
approved the operational theory and recommended further 
research. To support continued research, NASA approved a 
sounding rocket experiment (36.053), scheduled for February 
1990. The operational theory evolved into a detector design 
sponsored by NPS and fabricated by RSI. NPS students actively 
participated in the integration of the detector to both the 
rocket platform and the HIRAAS instrument. 

During the integration process, electronic circuits were 
designed, prototyped, tested, fabricated and assembled by NPS 
students and staff. The MUSTANG interface circuit design 
evolved as follows: 

- The PCM encoder and PCD image sensor operational 
specifications were studied in detail to determine the 
interface requirements. 

- Operational limitations of the PCM encoder and the PCD 
image sensor required that the data acquisition and data 
transmission processes occur asynchronously. A schematic 
was designed that would support asynchronous operation of 
the PCD image sensor and the PCM encoder. The schematic 
consisted of three monostables for waveshaping, one ADC, 
one memory device, one reference signal generator, and the 
required wiring to interface the detector to the PCM 
encoder. 
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- Using the schematic as justification, the prototype 
circuit was built and tested. Testing of the prototype 
validated the asynchronous design criteria; however, the 
edge noise resulting from the BIT clock was excessive. 
The excessive noise distorted the data contained in the 
three least significant bits of the ADC. 

- The initial circuit board was engineered and fabricated 
to validate the artwork for the flight circuit board and 
to incorporate and test noise reduction techniques. The 
noise reduction techniques consisted of; 

- providing a high frequency ground for the power 
leads. 

- providing a high frequency ground for individual 
component power leads. 

- separating the analog and digital ground leads. 

By using these noise reduction techniques, the noise was 
reduced by a factor of eight over the prototype circuit. 
The final noise reduction technique involved the 
adjustment of the ENCODE pulse width. The pulse width 
was shortened to 600 nsec ensuring the completion of the 
AD conversion prior to the falling edge of the BIT clock. 



- Based on the artwork produced and validated during the 
development of the initial circuit board, two flight 
boards were fabricated. 

- To support testing of the flight boards in a variety of 
operating environments including pre-flight testing, the 
GSE was designed and built. Integrated testing of the 
instrument in the laboratory environment validated the 
proper operation of the interface board and the GSE; 
however, the data acquisition routine did not function 
accurately when the BIT clock was operating at 200 kHz. 
The acquisition routine did operate accurately at 100 kHz ; 
consequently, the remainder of the testing was performed 
with the BIT clock operating at 100 kHz. 

The development and integration of MUSTANG afforded the 
NFS students the opportunity to actively participate in 
research beyond the scope of study that is achievable in a 
classroom environment. Specifically, the MUSTANG experiment 
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provided the engineering student the opportunity to 
participate in a program environment. Engineering issues of 
concern included parts availability, production deadlines, 
component compatibility, noise reduction, and subsystem 
integration. 

The opportunity for future engineering work related to 
MUSTANG is uncertain. If the rocket experiment validates the 
proposed theory, future experiments involving space-based 
systems are likely. If the proposed theory is not validated 
by MUSTANG, future research may be devoted to re-engineering 
the instrument or re-developing the theory. 
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APPENDIX A 



INSTRUMENTATION SYSTEM DESIGN REVIEW PACKAGE 

This appendix provides specific technical information 
pertaining to the following: 

- Transmitter 

- PCM Encoder Operational Configuration 

- RF Link Analysis 

- Detailed PCM Encoder Communication Matrix 

- PCM Encoder Addressing List 

- Comprehensive List of Flight Instrumentation. 
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June 5, 1989 



MEMORANDUM 



TO: Paul Buchanan. Payload Manager 

FROM: Warren R. Oufrene, Jr., Instrumentation Engineer 

SUBJECT: Instrumentation System Design Review Package for Payload 36.053 

HcCoy/Naval Research Lab 

Introduction 



This flight is planned to fly from VSMR in February 1990. The instrumentation 
design is similar to 36.010 which flew from WSMR in February of 1986. An S-19 
guidance system has been added for this flight. The PCM format has been 
changed to accomodate the added data channels of the S-19 and new experiment. 
The PCM system will run at 200 Kbit. Also, an electronic timer will be flown 
this flight. 

Telemetry System Description 

The TM system contains a 200 Kbit PCM/FM RF link g 2269.5 MHz. The PCM system 
is a Vector MMP-600 scries Micro-PCM encoder using BIO-L code. This link 
contains all experiment data, S-19 data, ACS data, and TM housekeeping data. 
The transmitter is a 5-watt Vector T105S. 



RF carrier deviation, IF and 
follows; 


video, bandwidth, and safety factor 


PCM/FM Link (200 Kbit BI0-L) 


Carrier Frequency 


2269.5 


Carrier Deviation 


+200 KHz S, = 13.7 dB 


Receiver 2nd IF Bandwidth 


r.O MHz 


Receiver Video Bandwidth 


400 KHz 



A Vega C-Band radar transponder will be used for trajectory data. Associated 
with this transponder is a 2-way power divider, two phase matched RF cables, 
and two C-Band antennas mounted physically 180° apart. 

Thrust acceleration data Is obtained from two accelerometers mounted in the 
thrust axis. One, a Setra 141A accelerometer is conditioned to a +30G -20G 
range. The second, an Edcliff accelerometer, has a +17G -IG range and meets 
the WSMR IIP Program regul rements. A j^5G Setra accelerometer will be used in 
the X-Axis for lateral acceleration data. 

Housekeeping data consists of the usual bus voltage monitors, pyro squib 
current monitors, bus current monitors, and temperature monitors. Recovery 
system, vehicle and ignition systems are also included In housekeeping data. 



wLuo,'» lda\?<L'virKii.u 37 



Please note the following attachments: 

1. RF Link Analysis 

2. PCM Measurement List 

3. PCM Format 

4. PCH Stack Arrangement 

5. PCM Stack Module Addressing 

6. MMP-600 Micro PCM E-Prom Program 

7. Instrumentation Components List 

iS 9 ' - 

Warren R. Oufrene, Jr. 
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36.053 

McCoy/Naval Research Lab 
System Parameters 



Carrier Frequency 


2269.5 MHz 


Modulation Type 


PCM/FM 


Radiated Power 


_>5 Watts 


Downlink Carrier Deviation 
Ground Station Receiver 


+200 KHz 


IF Bandwidth 


1 MHz 


Video Bandwidth 


400 KHz 


PCM Code: 


BI0-L 


Bit Rate: 


200 Kbit/Second 


Words/Minor Frame 


32 


Minor Frames/Major Frame 


32 


Bits/Word 


10 


Sync Word #1 


1110110111 
MSB LSB 


Sync Word i2 


1000100000 


Bit Alignment 


MSB First 


SFID Counter Location 


Word 1 


SFID Word 


0002^2^2^2^ 2°00 LSB 


# of Bits in ID Counter 


5 


ID Counter Counts 


Up i MSB First 


Parity: 


None 
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36.053 

McCoy/Naval Research Lab 
RF Link Analysis 



Safety Factor (dB's) 

Pt > Di . - S/N - - Pl 

Transmitter Power = Watts (min.) in dBw = 5 Watts (Min) = 7 dbw 

Diplexer Insertion Loss = -1.3 dB (Not Used) 

Transmitting Antenna Gain = -6 dB WFF Microstrip 17.25" Dia. 

Receiving Antenna Gain = [37.2 dB (Ilium. Factor 55X) -3 dB 
-3 dB (Polarization Mismatch)] 

31.2 dB (Antenna Gain for 10' Dish) 

Signal to noise ratio in dB = 13 dB for PCM/FM 



10 Log^o (t^TjB) K 

Boltzmann's Constant B = 

Receiver 2nd IF Filter T^ = 

Bandwidth 




(40°)6 +290 (1-6) 6 = 

36°K + 29°K = 65°K 

^PA *^^DC''9pA^ 9 dc^^ 

Pre-Amp Noise Temp 



1.38 X 10'^^ joules/^K 
1,000 KHz 

System Noise Temp. 

Antenna Noise Temp. 

Receiving Noise Temp. 

Power transmission coefficient for 
the transmission - line preceding 
the pre-amp = .9 

+ [Tj./(gp^ X gp(. X g^)] 



Down Converter Noise Temp 
RF Cable Noise Temp 
Receiver Noise Temp 
(220°K @ WSMR) 

10 Log^o 
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• Path Loss » 


20 Log^o [4n FR)/C] 










=• 20 Log^o F* 


+ 20 Log 


IqR** 20 Log^o 


(4, /C) 






c 


= Speed of Light in 


Km/Sec = 2.9979 x 10^ Km/Sec 






*F 


= Freq. in Hz 


= 2,269.500,000 








**R 


= Range in Km 


= 360 Km (Max Slant Range) 






'’l 


- 150.7 dB 
















* 7 dB + (-6 dB) + 


31.2 dB - 13 dB - (- 


145.2 dB) 


- 150.7 dB 






= 13.7 dB 
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PCM Measurement 


List 






Format 










Time Slot 


Sample Rate 


Label 


Data Description 




WO FR 


INT 


SPS 


Parallel Digital Data 
















Bit 














PI 


1 MSB Prog Event 


#1 


12 1 


8 


78 




2 






2 










3 






3 










4 






4 










5 






5 










6 






6 










7 






7 










8 






8 










9 'J 


V 




9 










10 LSB Prog Event 


#10 










Bit 














P2 


1 MSB Prog Event 


#11 


12 3 


8 


78 




2 






12 










3 






13 










4 






14 










5 






15 










6 






16 










7 






17 










8 






18 










9 V 






19 










10 LSB Prog Event 


#20 










Bit 














P3 


1 MSB Prog Event 


#21 


12 5 


8 


78 




2 






22 










3 






23 










4 






24 










5 






25 










6 






26 










7 






27 










8 






28 










9 






29 










10 LSB Prog Evi 


ant 


#30 
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36.053 

McCoy/Naval Research Lab 
PCM Measurement List (cont.) 



Format 

Label Data Description 

Parallel Digital Data (cont.) 

Bit 

P4 1 MSB Prog Event #31 

I i I 

4 Prog Event #34 



5 

6 
7 



Time Slot Sample Rate 

WD FR 



12 7 8 78 



9 

10 LSB 



P5-1 

P5-2 

P5-3 

P5-4 

P5-5 

P5-6 

P5-7 

P5-8 



P5-10 

P5-11 

P5-12 

P5-13 

P5-14 

P5-15 

P5-16 



Exp Data 



Exp Data 



15 1 

16 1 

17 1 

18 1 

19 1 

20 1 

21 1 

22 1 

23 1 

24 1 

25 1 

26 1 

27 1 

28 1 

29 1 

30 1 



1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 



625 

625 

625 

625 

625 

625 

625 

625 

625 

625 

625 

625 

625 

625 

625 

625 



1 MSB Data 



9 

10 LSB Data 
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36.053 

McCoy/Naval Research Lab 
PCM Measurement List (cont.) 



Format 

Label 


Data Description 


Time Slot 
WD FR I NT 


Sample F 
SPS 












S-19 Data 


A1 


Gyro Rol 1 


11 


1 


1 


625 


A2 


Gyro Pitch 


7 


2 


2 


312 


A3 


Gyro Yaw 


8 


4 


4 


156 


A4 


Roll Resolver Uo 


5 


1 


16 


39 


A5 


Rol 1 Resol ver Uij, 


5 


2 


16 


39 


A6 


Servo Amp, S6y 


5 


3 


16 


39 


A7 


Servo Amp, S5z 


5 


4 


16 


39 


A8 


Servo Rtn, U6y 


5 


5 


16 


39 


A9 


Servo Rtn, U6z 


5 


6 


16 


39 


AlO 


+15V 


2 


26 


32 


19 


All 


-15V 


4 


14 


16 


39 


A12 


Batt 1 -18V 


5 


15 


16 


39 


A13 


Batt 2 +28V 


5 


16 


16 


39 


A14 


Batt 3 +8V 


2 


27 


32 


19 


A15 


L.O. /Timer Zero 


4 


15 


16 


39 


A16 


Start Guidance 


5 


7 


16 


39 


A17 


Canard Decouple 


5 


8 


16 


39 


A18 


Current Monitor 


5 


9 


16 


39 


A19 


Bottle Pressure 


5 


10 


16 


39 


A20 


Regulated Pressure 


5 


11 


16 


39 


A21 


Module Off Cmd 


2 


28 


32 


19 


A22 


Gyro Cage Cmd 


2 


29 


32 


19 


A23 


Gyro Uncage Cmd 


2 


31 


32 


19 


A24 


Gyro Pitch, Full Scale 


5 


12 


16 


39 


A25 


Gyro Yaw, Full Scale 


5 


13 


16 


39 


ACS Data 


A26 


Roll Valves 


8 


1 


4 


156 


A27 


Roll Position 


6 


4 


4 


156 


A28 


Roll Rate 


3 


2 


16 


39 


A29 


Roll Fine 


3 


3 


16 


39 


A30 


Roll Cosine 


3 


4 


16 


39 


A31 


Pitch Valves 


8 


2 


4 


156 


A32 


Pitch Position 


3 


5 


16 


39 


A33 


Pitch Rate 


3 


6 


16 


39 


A34 


Pitch Resolver 


3 


7 


16 


39 


A35 


Yaw Valves 


8 


3 


4 


156 


A36 


Yaw Position 


3 


8 


8 


78 


A37 


Yaw Rate 


3 


1 


8 


78 


A38 


Yaw Fine 


3 


10 


16 


39 
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36.053 

McCoy/Naval Research Lab 
PCM Measurement List (cont.) 



Label 


Data Description 




FR 


INT 


SPS 


ACS Data (cont. ) 










A39 


Yaw Resolver 


3 


11 


16 


39 


A40 


Slave Roll Position 


3 


12 


16 


39 


A41 


System Mode 


3 


13 


16 


39 


A42 


Int Rig 


3 


14 


16 


39 


A43 


+15V Mon 


3 


15 


16 


39 


A44 


+26V Mon 


2 


32 


32 


19 


A45 


Rig Heater (Roll) 


4 


1 


16 


39 


A46 


Rig Heater (Yaw) 


4 


2 


16 


39 


A47 


5V Reg Mon 


4 


3 


16 


39 


A48 


Bottle Pressure 


4 


8 


8 


78 


A49 


Bottle Temp 


4 


4 


16 


39 


ABO 


Reg Pressure 


4 


5 


16 


39 


A51 


Yaw Fine Pressure 


4 


6 


16 


39 


A52 


Roll Fine Pressure 


4 


7 


16 


39 


TM Housekeeping 










A53 


ORSA Sys 1 Sig Mon 


4 


9 


16 


39 


A54 


ORSA Sys 2 Sig Mon 


4 


10 


16 


39 


A55 


ORSA H/S Dply Mon 


4 


11 


16 


39 


A56 


ORSA Pressure Mon 


6 


7 


8 


78 


A57 


Ign SCM 1, Ign, Des , Sep 


4 


12 


16 


39 


A58 


Ign SCM 2, Ign, Des . Sep 


4 


13 


16 


39 


A59 


B.B. Motor Chamber Press 


6 


6 


8 


78 


A60 


B.B. Motor Separation 


2 


1 


32 


19 


A61 


Lanyard Switch #1 


2 


2 


32 


19 


A62 


TM +28 V Bus Mon 


2 


3 


32 


19 


A63 


TM +5V Mon 


2 


4 


32 


19 


A64 


Door +28V Bus Mon 


2 


5 


32 


19 


A65 


XMTR Temp 


2 


6 


32 


19 


A66 


PCM Stack Temp 


2 


7 


32 


19 


A67 


IIP Z-Accel (+17 -IG) 


9 


1 


1 


625 


A68 


Z-Accel (+20 -5G) 


10 


1 


1 


625 


A69 


X-Accel (+5G) 


7 


1 


2 


312 


A70 


TM Bus Current 


6 


1 


8 


78 


A71 


XPDR Bus Current 


6 


2 


8 


78 


A72 


Exp Batt 1 Bus Current 


6 


3 


8 


78 


A73 


Door Batt Bus Current 


6 


5 


8 


78 


A74 


N/C Breakwire 


2 


8 


32 


19 


A75 


Timer +5V 


2 


9 


32 


19 


A76 


Lanyard Switch #2 


2 


10 


32 


19 
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36.053 

McCoy/Naval Research Lab 
PCM Measurement List (cent.) 



Format 




Time Slot 


Sample F 


Label 


Data Description 


WO 


FR 


INT 


SPS 


TM Housekeeping (cont.) 










A77 


Exp Hi-Voltage Mon #1 


2 


11 


32 


19 


A78 


Exp Hi-Voltage Mon #2 


2 


12 


32 


19 


A79 


Exp Batt 2 Bus Mon 


2 


13 


32 


19 


A80 


Exp Aspect Relay Mon 


2 


14 


32 


39 


A81 


+15V DC/DC Mon 


2 


15 


32 


19 


A82 


+5V DC/DC Mon 


2 


16 


32 


19 


A83 


Exp Spare 


2 


17 


32 


19 


A84 


Film Advance Mon 


12 


2 


8 


78 


A85 


Door Position Mon 


12 


6 


8 


78 


A86 


Batt 1 +28V Mon 


2 


18 


32 


19 


A87 


Batt 2 Mon 


2 


19 


32 


19 


A88 


Door Open/Close 


2 


20 


32 


19 


A89 


Sequence Mon 


2 


21 


32 


19 


A90 


+5V Amp Mon 


2 


22 


32 


19 


A91 


+15V Amp Mon 


2 


23 


32 


19 


A92 


+5V HV Mon 


2 


24 


32 


19 


A93 


Skin Temp Mon 


2 


25 


32 


19 


A94 


Timer #1 Data 


13 


1 


1 


625 


A95 


Timer #2 Data 


14 


1 


1 


625 


A96 


ACS Start Mon 


5 


14 


16 


39 



36.053 

McCoy/Naval Research Lab 
PCM Stack Module Addressing 
(Hardwi re) 



Component 



P0629 n 
PD629 #2 

MP-601L n 

MP-601L #2 
MP-601L #3 



Address 



A7 

0 

0 

0 



A6 

0 

0 

0 



A5 

0 

0 

1 



A4 

0 

0 

X 



A3 

0 

1 

X 



A2 

1 

0 

X 



A1 

X 

X 

X 



AO 

X 

X 

X 



0 1 
0 1 



0 X 

1 X 



X X 
X X 



X X 
X X 



Sync #1 Inst 1 



0 110 



1 



Sync #2 Inst 



000100000 



Pattern Length 



Pattern 



20 



11101101111000100000 
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McCoy/Naval Rtjearch Lab 
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Qty 

1 

1 

2 

1 

3 

1 

1 

1 

2 

2 

4 

1 

1 

1 

1 

2 

1 

1 

2 

3 

1 

1 

1 

1 
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36.053 

McCoy/Naval Research Lab 
Instrumentation Components List 



Component 


Mfg 


Model 


Comments 


S-Band Transmitter 


Vector 


T1D5S 


2251.5 MHz 


Transponder 


Vega 


3D2C-2 


C-Band 


Transponder Ant 


PSL 


7.D15 


Rams-Horn 


Transponder Pwr Div 


Vega 


853-C2 




Thermisters 


Fenwal 1 


Isocurve 


15K Dhm 


Accelerometer 


Edcliff 


7-lDl 


+17 -IG. Z-Axis 


Accelerometer 


Setra 


141-A 


+20 -5G, Z-Axis 


Accelerometer 


Setra 


141-A 


+5G, X-Axis 


Accelerometer Cond Box 


WFF 


-- 




Current Mon Boxes 


WFF 






Current Sensors 


F.W. Bell 


MB-102D 




Diode Logic Mon Box 


WFF 






Pyro Mon Box 


WFF 






TM Mon Box 


WFF 






S-Band Antenna 


Ball Bros 


S/N 73, 74 


(Built in Skin) 


Timers 


WFF 




Electronic (Chucks 








or Daves) 


Micro PCM 


Stack Vector MMP 


-6DD 




Programmer 


Vector 


PR-614 




Timer 


Vector 


TM-615P 




Digital Par. Mux 


Vector 


PD-629 




Analog Mux 


Vector 


MP-6D1 




Quad Filter 4 Amp 


Vector 


FL-619A 




Formatter 


Vector 


FM-618 




A-D Converter 


Vector 


AD-6D6-HS 




Power Supply 


Vector 


PX-628 
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APPENDIX B 



HAMAMATSU PCD IMAGE SENSOR TECHNICAL DATA 



HAMAMATSU 

TECHNICAL DATA 



PCD LINEAR IMAGE SENSORS 
S2300 SERIES 

(50^m X 5.0 mm Aperture Size) 



The S2300 series PCD linear Imago sensors are monolithic 
sell-seanning photodiode erreys designed specifically 
lor applications In multichannel spectroscopy. The scan* 
ntng circuit Is constructed by e Plasme-Coupled Device 
(PCD). This scanner Is a novel bipolar sialic shlll register 
and Is operalabie with a single low power supply voltage. 
PCD Imege sensors lealure low spike noise, large sen- 
sittvo areas, and high UV light sensitivity that allow high 
S/N rallos even In low-llght-level detection applications. 

The photodiodes ol the S23(X) series are arrayed In a row 
with 50 »jm center to center spacing and 5.0 mm height. 
The sensitive area Is twice as large as the S230I series, 
thus well suited lor low-llght-level detection requiring high 
sensitivity. Three ditlereni numbers ol photodiodes. 256 
(S2300-256Q), 512 (S2300-512Q), and 1024 (S2300-1024Q) 
ate available. Quartz glass Is the standard window material. 
(Fiber optic window types ate also available.) 

FEATURES 

• Wide photosensitive area; 50 x 5.0 mm 
■ Blpolar*type Image sensor 

• Wide operating (requency; DC to 2MHz 

• Operatable with low voltage, single power 
supply 

• Logic Inputs (start pulse, shllt clocks) are 
TTL compatible (open collector type) 

• Low capacitive switching noise 

• High UV sensitivity 

• High output linearity and uniformity 

• Low dark current and high saturation 
charge allow a long Integration time (or a 
wide dynamic range even at room 
temperature. 




From loll: S2300 2560, S2300-512Q, S2300 I024Q, S2300-1024F 



IMAGE SENSOR STRUCTURE 

Th« PCD tlnoar Image sensor Is a monolithic Inicgi.’itccI circuit con- 
structed with photodiode arrays, PCD shllt register and switching tran- 
sistors for addressing the photodiodes- Flg.t shows the equivalent cir- 
cuit. 

The PCD shift register Is a static type sell-scanner ttiat transfers an 
addressing pulse along the chain driven by a synchronized three phase 
clock. Each output pulse (negative polarity) Irom the PCD shift register Is 
than led to the base electrode ol each p-n-p switch In the video circuit. 
Photodiodes ect as the emitters tn these lateral trensislors, and operate 
In the charge storage mode. Theretore the outputs are proportional to 
the product ol the Illumination Intensity and repealed scanning period. 

As shown In Flg.1, the equivalent circuit ol S23(X) series Is very simple, 
no dummy photodiode Is necessary and the signal Is available Irom only 
one row es e sequential output. Furthermore the unllormity and purity ol 
the signal Is high, making It possible to measure the light Intensity more 
accurately with a simple peripheral driving and signal processing circuit. 

Flg.2 shows the sensor geometry. The photodiodes consist of dllluscd 
p-typa regions In n-lypa silicon substrates. The charges generated In 
these two regions are collected and stored on the associated P-N junc- 
tion's capacitance during the Integration period. The p-type dlftused 
region Is specialty processed lo have high sensitivity In the UV region 
arrd lower rjark leakage current. 



Figure 1: Equlvnlonl circuit 
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PCD LINEAR IMAGE SENSORS S2300 SERIES 



MAXIMUM RATINGS 

Supply Voltage 

Operating Temperature 
Storage Temperature 



10V 

_-30to+85'C_ 
-4010 M25*C 



ELECTRICAL CHARACTERISTICS (at 25°) 





Symbols 


S2300-256Q 
Min. Typ. Max. 


S2300.512Q 
Min. Typ. Max. 


S2300-10240 
Min. Typ. Max. 


Units ,x| 


Supply Voltage 


' Vcc 


3 5 7 


3 5 7 


3 5 7 


V 


Driving Phase 




3 


3 


3 


phase 


Shill Pulse Voltage*' 


Vsh (H) 


4.0 5 5.5 


4.0 5 5.5 


4.0 5 5.5 


V 




Vsh (L) 


0.8 


0.8 


0.8 


V 


Start Pulse Voltage 


Vs (H) 


Vcc 


Vcc 


Vcc 


V 




Vs (L) 


0.8 


0.8 


0.8 


V 


Operating Frequency 


1 


DC ‘2 


'dc ‘2 


DC 2 


MHz 


Photodiode Capacitance 


Cp 


8 


8 


8 


PF 


Video Line Capacitance 


Cv 


25 


40 


50 


pF 


Power Consumption*' 


P 


30 


30 


30 


mW 


Photodiode Dark Current* ' 


Id 


4 10 


4 10 


4 10 


pA 



•1; At Vcc = 5V 



OPTICAL CHARACTERISTICS FIgur* 3: Typicil sp»clr»l respon** 

Spectral Response (20 V» of peak) 200 lolooo nm 



Wavelength ol Peak Response 600 nm 5“ 

Saturation Exposure Esat*' 50mluxsec. 












_| 


rr 






Saturation Charge Osat 37 pC i 












Ssnslllvlly Unlformlly * within i 5% £300 

*1:AlVcc«5V 1 

*2: 50V. ol saturation, excluding first element S 

|.oo 


a; 




7 




















nr> 


\ 










OPTIC 

WINDGM 


\\ 







WAVUCNGIII (nm) 



Figure S: Dark output charge ve. etorage lime 

Figure 4; Output charge vs. eapoeure temperature dependency 
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DIMENSIONAL OUTLINES AND PIN CONNECTIONS (Dimensions in millimeters) 

S2300-2S6Q S2300-S12Q 




SENSITIVE AREA 








Symbol* 




Vo 


video Ouipul 

Two Vo are connected Inside the 
etemenl. 


vcc 


Power Supply Voltage 


GNO 


Ground (OV) 




Stan Pulse Input (TTL compallblei 




Clock Pulse Input (TTL compatible) 




End of Scan 

Negative C-MOS compatible. 
Obtainable at the clock liming just 
alter the last element Is scanned. 


NC 


No Connection 
This should bo grounded. 



Mechanical Specifications 









)S2300) 

V.266Q) 


go 


jS2300i 

£1024Q 


. 




Number of pholodiodes 
Pitch (pm) 


256 


512 

50 


1024 






Window malerlar 



'Fiber optic window available. 



I ' 5~n~ 
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PCD LINEAR IMAGE SENSOR S2300 SERIES 



DRIVING AND AMPLIFIER CIRCUIT 

The clock pulse timing and circuit parameter requirmenis 
(or driving the S2300 series PCD image sensor are 
shown in Fig.6 and Fig. 7. To operate the PCD shllt 
register requires a start pulse to Initiate the scan and 
three phase clock to drive sequentially. The polarity oi 
the start pulse has to be negative and the clock pulses 
must be positive. These pulses are TTL compatible. The 
start pulse needs at least 500 ns duration time and a 
minimum o( 200 ns overlap with the clock pulse *\ to 
start the scan. It Is not always necessary to overlap 
clock pulses each other, but II a gap o( more than 100 ns 
Is presented, scanning will disable. 

An open collector type TTL is used to drive the PCD 
shut register. The voltage level of the start and shift 



pulse are determined by Vs and Vsh respectively. To 
provide stable operation ol the shill register. It is 
necessary to select an optimized Injection current con- 
trolled by resistances R, and R2. Typical values o( these 
driving parameters are shown In Fig. 7 and the electrical 
characteristics table. 

To delect low light levels with good linearity, video 
current Integration with a charge ampIKIer is recom- 
mendable. Fig. 7 shows this type o( signal extraction 
with this circuit, the charge-amplilier is reset to ground 
prior to address each photodiode multiplex switch. 
When the switch Is closed, signal charge (lows Into 
capacitors in the Integration circuit. The output wave 
form Is a box car shape. 



Figure 6: Timing diagram (3-phaaa drive) 



Figure 7: Driving and ampllller circuit 




Typical values o< the parameters 
CEr J nF. ni: 5.6 no. RJ: <70 O 



RELATED DEVICES 

•S2301, S2304 Series PCD Linear Image Sensors 

Hamamatsu provides other sensor geometries (or the PCD linear Image sensors. The S2301 series has 
pholodlodes o( 50 pm * 2.5 mm and the S2304 series has those of 25 pm x 2.5 mm. Types with 128 to 1024 
photodiodes are available. 

• Driver/Ampllfler Circuits for PCD Linear Image Sensors 

Driver/ampilfler circuits (or PCD Image sensors are available. These circuits need only a start pulse, master 
clock pulse. + 5V and ± 15V power supply to drive the PCD Image sensor. The video output Is a voltage output 
processed by a charge-ampliiler. Pulse generator (or these driver/ampilller circuits and data processing unit 
lor A/D conversion are also available. 



HAMAMATSU 

HAMAMATSU PHOTONICS K K.. SolW SiMo nivl.tliin 

lIM.IcMno-cho, H*mamal5u City, <35 Japan, Tolopliono: OS3</3< 3311. Fai: l»3«35-tU37, lulc« <225 IBS 

U.S.A.: Hamamalau Cwp»allon: 380 Fooinlll Road, P.O. aox 8010, aiklgawaiar, N.J. 08B070910. Taiaplions: 201.231-0960, Fax: 201.231-1539 
W.Cmntny: Haniamalsu Pholonles Doulachlaiid GmbH; AriboigaraK. 10. 0 6036 Hanaehltig am Ammotsoo. Toleptiona: 08IS2.375-0. Fax: 06152-2658 
/Vane*.- Hamamalau Pholonica Ftanct: <9151 Rus do la Vanno. 92 120 Monltougo. Tolophono: |l) <6 55< 756. Fax: (H <6 55 36 65 



JUL/87 

T-2000 Printed In Japan 
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APPENDIX C 



HAMMAMATSU DRIVER AMPLIFIER TECHNICAL DATA 



OPERATING INSTRUCTIONS FOR EVALUATION DOARI) 



HAMAMATSU PHOTONICS K.K. 
SOLID STATE DIV. 

SD29-890717-0051201. 
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OPHUATlNc: JNSTHUUTIONS l-Olf l-:VAliUATION DOAIM) 



GENERAL 

This is low noise driver/amplifier ciic\iil for Hnmainalsu PCD Image Sensors 
(S2300-512Q,-512F). 

The PCD image sensor is a inonoliUiic self-scanning photodiode array. Us scanning 
circuit is constructed Ly Plasma-Coupled I)evice(PCD). 

This di-iver/ninplifier circuit provides a scanning pulse "Start" and a three phase 
ck)cU " <f> \ , <f> 2, <f> y to drive the PCD image sensor, nn<i includes a cliarge-ninplifier to 
output the video signal "Video Data" in the charge inlegi'ntion mode. 

FEATURES 

# Simple operation; n start pulse, n inasler clock pulse, +5V and ± 15V required. 

# Low noise configuration. 

# Structure allows for easy cooling and optical alignment. 



SPECIFICATIONS 

INPUTS ; Supply voltage: + 5 Vdc at 150mA 
+ 15 Vdc at 25mA 
-15 Vdc at 25mA 

Start: TTL pulse, positive level sensitive. Mirumum duration 500 nsec. 

Used to initialize the circuit and initiate the shift register In the 
PCD image sensor. 

CLlt: TTL pulse, rising edge aoriaitive. Ma.'dmuin frequency 250 Kllz. 

Used to syncronize the circuit and the shift register in the PCD 
image sensor. 

OUTPUTS : Trigger: l.S-TTL compatible, po.sitive pulse. 

Available ns a start signal for S/ll and A/D conversion (optionai). 

H-1!0S: liS-CMOS compatible, negative pulse. 

Available immediatly after scanning at the last pixel is completed. 
Can he used as end of A/D aquisition. 

VGdeo Monitor: Negative voltage output. 

This output is the integrated PCD video current signal. 

Video Data: Positive voltage output. 

It is the processed signal of the "Video Monitor". 
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SETUP PROCEDURE 



Setup for the evaluation system is shown in Eigure 1. 

1) Power supply connection 

Power, as specified under specifications, must be supplied to the driver/amplifier 
citcuit inputs. 

2) Pulse generator connection 

The "Stal l” pulse and the "CblC" pulse, as specified under specifications, must be 
supplied to the driver/ainplificr circuit inputs. (C2335 " Hamamatsu Pul.se Genera- 
tor " available and can be connected to the two liming inputs respectively.) 

The integration time is preset by the "Start" pulse interval while the readout time 
of each pixel is preset by a "CLK" frequency. 

3) Oscilloscope connection 

The "Start" pulse input (from C2325 or other clock) is connected both to the C2325 
board and to the EXT. TRIO, input of the oscilloscope. 

The "Video Data" signal output is the connected to the input of the oscilloscope. 

4) S/H and A/D converter connection (optional) 

The "Trigger" pulse output can be used as the logic input of S/ll and A/D 
converter. The "Video Data" sigti.al output is then connected to the analog input of 
the S/H. 
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ALIGNMENT PROCEDURE 



The driver/umplifier circuit nssembly is shown in Figure 2. 

REMARK: Use an oscilloscope to monitor the "Video Monitor" or the "Video Data" signal 
output without any light being illuminated on the photodiode array. 

1) Zero level adjustment 1: 

Adjust VR2(100K Q ) until the reset level comes to oscilloscope ground level. 

- Resel period 

■ GNl) Level 

Ixd'ore ad.lnsi moiiL 

GNU Level 

aCIfi .-Kl.iiislmciil 

2) Fluctuation (caused by Power svipply) cancellation adjustment: 

Adjust VR3(1K Q ) until the fluctuation of the "Vedeo Data" signal is minimized. 

per Lcxl 



lioCoi e fi(l.j\isl.meiil 
CNI.) l.,J3vel 

ni l or nd.lusi iiicril 
GNU Level 
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3) Swilcliiiig noise raiutcllalioii :kI jusLiiic'iiL: 

Adjust VRKIOK £2 ) until the amplitude of the spike noise is minimized. 




buforn adjustment 
C.NI) I.OVC] 



at ter fid Jus I 



4) Zero level adjustment 2: 

Adjust VR4 ( lOK £2 ) until the clampling level comes to oscilloscope ground level. 
— * — Clampl ins per iod 
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REMARKS 



If the evnlunlion HysLom is not opornlRri, regularly check the following ilema: 

1) Are the "Start" pulse and the "CLK" pulse supplied to the driver/amplifier circuit 
inputs as prescribed under sp<^cif icationa ? 

2) la the scanning pulse "Start" supplied to the PCD image aenaor ? 

3) Is the high level of the three phase clock { <f> <t> 2, 2) according to "Figure 3 

Timing Diagi-ain" ? 

4) Is the "EOS" pulse obtained from the pin of the PCD image sensor ? 
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Figure 1 Setup for Evaluation System 



start 
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Figure 4 Circuit Configuration 



Appendix 1 



Pin configurntions and package outlines of PCD Image Sensor are shown in Figure A-1 





Pariioelcrs 

Number of photodiodes 
ritch (fim) 

Aperture («■) 

Number of pins 
Window material 
Net weight 



52300-512Q 



Quartz 

5g 



I S2300-512f 
512 
50 

50 X 5000 

28 

Fiber optic plate 

iTog 



Figure A-1 Pin Configurations and Package Outlines of PCD Image Sensor 
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Appendix 2 



Circuit configuration of the pulse generator is shown in Figure A-2 
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Figure A-2 Circuit Configuration of Pulse 



APPENDIX D 



IMAGE INTENSIFIER TECHNICAL DATA 





Image Inlenslllers 



FenUnei; 

• UglilWBlglil 

• Sliofi Lenglli 

• fliifloedlrKj CoinliucHoii 

• Unllonii BHghliiBii 

• Zero Dliloillon 

• high Gain 

• FntI nc.ipontc 

• Oalonbla 

• Non-Bloonilng 

• Pliolon CouMllMB 



M r 1 )pe Nniiibd 


Fniiini 


.S|xciral Itnpomt 
|Ndl( l> 


I-IU7 


1 Hiiilll 


.S’ 20 


^■n45 


25IIIIII 


S-20 


1 1150 


•lUiiim 


.S-20 



Proximity rocused Channel InlensIMer Tubes 
wiih Dual Mioioclinnncl Plates 



II r |iruiliiiil)' riinitnl rlmijiirl Inltii^iUrr Irihri nllli iliiol iiilciiirliniiMfl |ilnlr 
• rr lllllll■lllll;trl, •fii lilgli |;tilii. Iiimr.t ltilriiOlici!i. Allirl lliiir liilimillll/r I no 
liilrinrlinmirl |ililr< In riM mlc In |iio>lilr \rij high rhclinn gnhi Ini nlli* Inir 
IIrIiI 1(1 rl mniilinolldii. A hide liilir (iimidf of a iilioliKtiliuOr, ino 
nildiKliiniirl iiUIm In (•((•dr, anil in onl|inJ pliif(pli<ir scKrii, 'llir lnh( 
riii(lii|>r It of • nirlalrrtnniir rnndnirliiin nilfi • gjt((, lilnr hjiMr or oilier 
Ininil HlniliiK aMil • |il>no-plaiiu Filirr npllc oiilpiil iihiilini. AH liilici ul Mill 
l.tp( me giiralile, llir F dHI Is eipalile of lieiiig gnied mi, ulihlii 5 
ntmnreonils illri nppllralUiM nl llir gnlr piihr, li) ou'ielilng lli( biliririill) linr 
(illiiKle lo llllrlllrll•llllrl plilr (IM(. I') lii|iiil iiilUgr. 

(;kni;uai. i.iiAiiAf ikiiisirs 

I'lioloddliiiilr; 

SprrliiM iripomr (Nnle 1) f'-JO 

renk miniine d50-55() ll•n^l|n(lr (1 

WImlnw (NoK 2) |ilmiii plnnn glmi 

rii(i(pliiii; 

.Sprrhal i((piiii(( |Niilr .1) I'•2I). nlomliihfd 

I’rak i( 5 |ioin( MO 5JII iiminniriris 

Wlniloir |'l•||n (Ihrr npllr 

I'iximIiie iikiIiiiiI riiKliiill) 

(IjKiillnt pudliijii : 'Mi>- 

Midiiinni I riiiprinliiK |iiuii-iiprinlliig) 05’<. 

IMagiiinrilinii 

I VI'ICAI. I’FIII IIKMANn; I IIAIIACinmSMCSlhii (preillril uillngr) 
Siippli (iillagea UC (NolC -ll 

riiiljpIloi-loMt r In 6 KV 

M( !• IIKIO Iflllfl \ iill( 

I•hl.l(lcnlhllllr In Ml r I I'D In 2UH Vnln 

OlliiNir l.iniiliiiiiK (riiMMill); 

1 _>pl(il 225 /li/liniirn 

hiiiiiiinnn 175 //i/lmnni 

I im.liiiiiK fin. imliM.lr |N..|r 5) 'Il'-IT 

MaMiiniin IJglil I.md iNolc 7) 5 X lir' 

IlMiilnlldii l•ll*r iNolr 0) IH-20 liiirpalii/inin 

KipiliiMdil InleliliKM hipiil iManInnnn) 2 X III"" linnriK rin' 

I jiglnmliig mill n|iplli nllnm Iixndmirr Ini llir liihr l)pri IhItil ahinr iiia) li( 
iililniiieil ll) (iinliidliig l.lr(llll•Upll(■l riuiliicis DhUlini. 

N(2ncz- .'.M r::."v;.-vr LicfK':;,E is iifguiiiEU 
roi 2 siiii’i/i.K'i rji' I ms iitouuci uuisiue 

ur.;mEusA. —| I If 1 1 

PEV o/OG ELECrnO-OPTICAL PRODUCTS DIVISION , ’ 



118 




F< 1144 , F 4145 , F 415 U 



NOI E I Ollitf pllul«K»lliOdM «Milltlilr UII »|irti»l iiiilri, liicliiilf llit S-l. lo 
pruililr driKlIcin ■ml (uiirrrtJoii of I.Ofi;/ sliiiinli. •iiJ (M r, f'll f«lliodfi (nr 
t|wrlil UV •|ipllr«lliiiu, 

NOIE 2 nbtr opllci, qiiiili, Mil ', or Ollier niilcrUI^ •>«il«lrlf on i|ifcl*l 
NO I E 3 Olhir pliiM|iliun ii>llal<lr iin <i|>rrlul iiiilir. 

NOTE 4 l•nller .Sii|i|.llo on lie »iiliilrrr.l i.iii »l llie liilie «i»eiiilil). C»le»Me 
•ml DC (inner >ii|I|iIIm (re •oIIrIiIc ai aeiiaiair iiiilrt. 

NOTE 5 Defliiert •» llie ralln of Hit liilal I lliii (lOiil llic |ilio«|ili(ir 

screen In llic lolal Ininliiniii flux InelilenI nil llie |•llnlnr•llllllll from a slamlni il 
I.IM" K hnit»len lamp, ami iiieasiiied nilli a (iliiiliiniclri as H l.■'|l e iillli nil 
liipul Inti of IXIfn M e InelilenI mi llie plmlneallioile. llie I I T pio.xlinlly 
fiieiiseil eliaiinel liilemifler lube proiiilen • laiialilt lube (alii by laijlnc llie 
mJcToeliniincI plaie niliate. 

NO I E 6 There is nii ilegi •ilalliill of i esiilnllnii eeiilei lo filf f n( seieeii. 

Ilrsoliilliin Is ineamreil iillll S X I0-' foiilcniiilles ini llie |ilioliicalliinlf lo 
delcrmJiie llniiliiii, or 5 per ceiil M I I- Ici eh nilli • 100 (>ei eeni eoiiliasl lai gel. 
NOIE ^ For einilliiiioiii 0 |>erallini: llils mine may be wieral iirileii i>( 
niagiiilnile lilglirr fur pniseij operaliini. 

NO I E S Ma ilniiiiil iililpnl briglilnesi lliul can be aclilci eil iiiIih 

isill range (ruin 1-2 KoollinibcrU under U.C. opeiallng euinlilions. 



SPECTHAL OUTPUT 
P-20 PMOSPHOn 
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WAVEIENOTH 
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ME 


lERS 



TYPICAL SATUnATlOtl CUIIVE 
OF PIIOXIMITY FOCUSED 
MICnOCIIANNEL WAFEII lUBE 



TYPICAL OAIM Cl lAnXCTCniSTICS 
or PROXIMITY FOCUSED 
MiCnOCIIANNEI. WAFER TUBE 




lo" lO’ 

INPUT illuminance (FOO I CANDLES) 




nEVc/OG ELECTRO-OPTICAL PRODUCTS DIVISION Xl-C 



119 



E 3 I LUMENS/C 01 -) 



F41^a, r4145, r4ll50 




TrncAi. AnsoiUTE 

srtciRAi. tiesporisc CMAftACTcnisTics 




IJIfiifiirioinI IJ«lii Igmili rj|-U 25iiii»i F4I45 ^Oiiiiii HIM OiiiU 



A Moliniini dlinieltr 


45 


5J 


71 


nun 


(nllll pil(llnt) 

B l^nirlh (nnniliul) 


21 


11 


24 


mm 


C l'M»l)le nioliKulhod* Ap</liii» 


11 


15 


40 


min 


I) UvfMf Scrrrii A|Kflure 


IB 


15 


4U 


nmi 


I'udrJ \Vrl{hl 


61) 


105 
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ELECrnO-OPTICAL PRODUCTS DIVISION 
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wwi^v^inu-Ot'llCAL I 
PRODUCTS UIVISION | 

3700 East Ponllac Sircel 

P.O. Dox 3700 

Fori Wnyric. Iiullnna 4000 1 



1.0 OUTLINE DRAWINGS 




EAD COLOR 

1 Blue 

2 Red 

3 Orange 

4 Yellow 



Mitt I J- 

- PRQXIMITY FOCUSED CHANNEL IMTENSIFIER TUB 

TUBE S/N XXII 0966 

TUBE TYPE F4145 

CsTe/O/PZO/FO 



ELEMENT 

Photocathode (neg.) 

MCP Input (neg.) 

MCP Output (neg.) 

Phosphor (ground) 



4.0 TYPICAL OPERATING VOLTAGES ’ 



Cathode to MCP input 
MCP input to MCP output 
MCP output to Phosphor 
* voltages for 



VO Its 
volts 
[ volts 
r gain 



useable 

aperture 



5.0 CATHODE SENSITIVITY 

H/A ua/ lumen 
(see sensitivity curve) 

6.0 RESOLUTION 



Ip /nun 

■ MCP volts 



7.0 LUMINOUS GAIN 

N/A 

8.0 GAIN UNIFORMITY 

1 1 % 

g 'lU ke- gain 



9.0 EQUIVALENT BACKGROUND INPUT 

N/A lumens/cm2 

gain 



4.1 MAXIMUM OPERATING VOLTAGES ** 

Cathode to MCP input 100_ volts 

MCP input to MCP output 1700 volts 

MCP output to Phosphor ^ volts 

** voltages for 40 ke- gam 

4.2 Use with power supply 
Model I 200057 S/N 0110 

Power supply set so that when Vcontrol = 10 0 V. 
Vmcp • 1700 V. The product of the phoLocathode 
current and the MCP gain must not exceed 
0.1 uA/cm*^. 
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-PROXIMITY FOCUSED CIIANUEL INTENSIFIER TUOE- 
Tube S/N XXII 0966 Tube Type TIHS Date 09/20/0^ 

MCP Conductivity 3.3 x lO'^ amps 9 IK volts 

Photocathode Sens! tlv i ty M/A ua/L 0 Lumens 



Photocathode Type/Window CsTe, Q Pliosphor. Type P-20 

Photocathode Voltage 100 Pliosptior Voltage 'jK 
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APPENDIX E 



AYDIN VECTOR TRANSMITTER TECHNICAL DATA 



AYDIN VECTOR 


T-1 00-TV Series 
UHF Video Transmitters 







• Available In 2. 5 and 8 Walls Minimum Power 

• Video Response 

. Wideband Deviation 
. Internal Power Line Regulator 

• Internal Output Isolator 

• Meets IRIG 106-00 Standards 

The Vector T-l 00-TV Senes are solid-state, crystal stabilized, 
Irue FM telemetry transmitters capable ol transmitting 
analog or digital multiplex signals. These Ira nsmilters are 
designed lor extremely reliable operation when subjected 
to the severe environmental Might conditions ol missiles, 
space vehicles and aircralt. 

The Internal modules (modulator, series regulator, power 
ampitlier. multipliers and tillers) are housed in separa e 
machined enclosures to maximize RF isolation. Com- 
ponents are derated Irom the manulacturers rated values 
and all semiconductors undergo 100 Hrs. bum-ln at 
100'C. to insure reliable operation while meeting the 
speclllod output power roquiroments under worst case 
conditions. 



ELECTRICAL SPECIFICATIONS 



Output 

Frequency Range: 



Frequency Stability: 
Power Output: 

T-l 02-TV 
T- 105-TV 
T- 108-TV 

Antenna Compatibility 
Output Impedance: 
VSWR (load) 
Open/Shorl Protection: 
Harmonic/Spurious 
Response: 

Modulation 

Type; 

Sense; 

tnput Impedance: 
Frequency Response: 



Deviation: 

Deviation Linearity: 
Modulation Distortion: 

Incidental FM: 
Incidental AM; 
Modulation Return; 



1710 to 1850 MHz 
1435-1540 MHz 
( S band optional) 
±0.003% 

2 watts min. 

5 watts min. 

8 walls min. 



50 ohms 
1.5:1 

Yes. Internal Isolator 
tRiG 106-80 



True FM 
Positive 
75 ohms 

10 Hz to 6 MHz ±1.5 dB 
(to 10 MHz optional) 
Optional pre-emphasis In 
accordance with CC1R-A05) 
±6 MHz/V rms (Increased 
sensitivity optional) 

2.0% max BSL lor ±6 MHz 
deviation 

2.0% max lor ±6 MHz 
deviation 
±10 kHz 
2% max 

Modulation return common 
to case 




Voltage; 20 ±4 Vdc 

Current: 

T- 102-TV 1.0 A max 

T- 105-TV 2.0 A max 

T- 108-TV 2.5 A max 

Reverse Polarity Protection; Yes 

Power Return: Power return common to 

case 

ENVIRONMENTAL SPECIFICATION 

All perlormance specilications will be met under the 

lollo^ng conditions. 

-25’’C to -1-85'C baseplate 
-25’C to -FBO-C baseplate 
-25"C to -t-70'C baseplate 
extended range optional 



20g, 20 to 2,000 Hz. 3 axis 
50g lor 1 1 msec Vi sine. 

3 axis 

lOOg, 3 axis 
Unlimited 
90% RH 

Complies with IRIG 106-80 

MECHANICAL SPECIFICATIONS 

See Dwg. 

16 ounces/0.45 kg max 
11.5 Cu. lnches/1 88548.0 
Cu. mm loss connectors 

Bendix PT1H-8-4P males 
with Bendix PT06A-8-4S 
SMA .250-36 UNS-2B 
mates with SMA male 
TNC 7/16 - THD males 
with TNC Male 



Dimensions: 

Weight: 

Volume: 

Connectors: 

Power 

MOD Input 

RF Output 



Temperature: 
T- 102-TV 
T- 105-TV 
T- 108-TV 



Vibration: 

Sine 

Shock: 

Acceleration: 

Altitude; 

Humidity: 

EMI: 
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Pin Connections: 



OPTIONS 
Frequency Range; 

Frequency Response: 
Pre-emphasis: 
Deviation Sensitivity: 
Modutation Type: 
Extended Temp: 



A) +28 Vdc 

B) N/C 

C) Power RTN 
0) Chassis Gnd 

S and L-band, specity center 
frequency 
10 Hz to 10 MHz, 
in accordance with CCiR-405 
Higher sensitivity available 
TTL compatibility 
-40°C to +85"C 



QUALITY CONTROL AND PRODUCT 
ASSURANCE 

The Vector T-100-TV Series transmitter is manufactured 
under strict Quality Control procedures In accordance 
with the requirements of MIL-Q-9859A. Additionally, all 
semiconductors and integrated circuits are used in the 
T- 100-TV are subjected to intensive component pre- 
conditioning procedures. Each assembled unit is fully 
tested to a comprehensive Acceptance Test procedure 
which includes full performance testing at the thermal 
extremes. 

Vector has participated in numerous “hi-rel" aerospace 
programs which have required exhaustive component 
screening, preconditioning and selection procedures. 
These “hi-rel" procedures or specilic customer generated 
requirements can be invoked in the manufacture of the T- 
1 00-TV series transmitters if necessary. 



ORDERING INFORMATION 
When ordering specify series number and exact operating 
frequency in megahertz. For special applications or 
additional information, contact Aydin Vector or the nearest 
sales representative. 



Outline Drawing 
T-100TV 




BulleCIn 27125/Rov.1/5/85/2M/Pnnle<J In USA 



AYDIN VECTOR DIVISION 

NEWTOWN INDUSTRIAL COMMONS • P.O.Box 328. NEWTOWN. PA 1 8940 0328 • (216)988-4271 • TWX: 510-897-2320 • FAX: (21 61 968-3214 



126 




APPENDIX F 



POWER SUPPLY TECHNICAL DATA 



jl 




I 1 1 1 RESEARCH SUPPORT INSTRUMENTS. INC. M 





Item No. 0001 AK 



LOW VOLTAGE POWER SUPPLY 



RSI MODEL 4E8-2I1 



The RSI Model 428-211 Is a low voltage power supply which 
operates from a nominal ♦28VDC input. The output of the unit is 
♦5V and provides up to 1000mA. A current limited output monitor 
is provided in parallel with the output voltage. 

The input is series diode protected against inadvertent 
reversal of the input power linsj. Heat .sinking of the case is 
recommended for full power operation. 

SPECIFICATIONS ! 

Input Voltage 

Input Current 

Output Voltage 

Output Ripple 

Output Spikes 

Efficiency 

Converter Frequency.. 

Operating Temperature 
Storage Temperature.. 

Line Regulation 

MECHANICAL : 

Dimensions 
Weight .... 

Mounting . . 

Connector . 

OPTIONS! 

Voltages other than *5V upon request. 

Potting or conformal coating upon request. 



1.0 in. X 3.0 in.X 3.5 in. 

300 grama 

Four (4) size six clearance 

holes 

Cannon DAM 15P 



24V0C to *34VDC 
70mA (no load) 

500mA (1000mA load) 
*57 C-5X) 

< 50mV 

< 75mV 

>30X at full load 
Nominal lOKHz 
-20 C to *70 C 
-40 C to *-85 C 
.02X/V (no load) 
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S «_M=> Itu ir 









I — c:-w 1- > •— • I--J eE? Y" S«_«|0|=jiv' 



Model Nuimber 1 

Serial Number 1225Q3 



Voltaoe IriDut 



■^a .j3_v 



Input 
Volt«g» 
( V ) 



Input 
Current 
( rnA ) 



Output 
Voltage 
( V ) 



Out put 
Current 
( mA ) 



Monitor 
Output 
< V ) 



Out put 
Ripple 
( mV ) 



38 

7A 

108 



£59 

£97 

537 

380 

4£0 



5, £4 O 

5.23 lOO 

5. £ 1 £00 

5. £u 300 

5. 18 400 

5. 17 500 

5. 18 600 

5. 14 700 

5, i£ aoo 

5. 1 1 900 

5.09 1000 




5. £0 
5. 18 
5. 17 
5. 16 
5. 14 
5. la 
5. 1 1 
5. 09 



£0 



30 

30 



1 Unit should be well heatsunk. 
a Unit loses regulation at £4. £ V innut. 






Diskiwptest Fi 1 e : wpl££503. rrna 
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RESEARCH SUPPORT INSTRUMENTS. IN(j. ff 

10610 BEAVER DAM HOAD. COCKEYSVILLE. MARYLAND 21030 

PHONE 301-785-6250 FAX 301-785-1228 ^ 





Item No. 0001 AL 



DUAL TRACKING LOW VOLTAGE POWER SUPPLY 



RSI MODEL 441-193 



The RSI Model 441-193 is a dual tracking low voltage power 
supply which operates from a nominal +28VDC input. The outputs 
of the unit are complementary <*15V and -ISV) voltages, each 
capable of providing 400mA, which track each other under various 
loads. A current limited output monitor is provided in parallel 
with the output voltage. 

The input is series diode protected agai.nst inadvertent 
reversal of the input power lines. Voltages other than 15V can 
be supplied upon request. Heat sinking of the case is 

recommended for full power operation. 

SPECIFICATIONS ; 

Input Voltage 

Input Current 

Output Voltage 

Output Ripple 

Output Spikes 

Efficiency 

Converter Frequency.. 

Operating Temperature 
Storage Temperature.. 

Line Regulation 

Load Regulation 

MECHANICAL: 

Dimensions 
Weight. . . . 

Mounting . . 

Connector . 

OPTIONS ! 

Voltages other than 15V upon request. 

Potting or conformal coating upon request. 



1.0 in.X 3.0 in.X 3.5 in. 

212 grams 

Four (4) size six clearance holes 
Cannon DAM-15P 



*24VDC to *34VDC 
70mA (no load) 

840mA (400mA load) 
»15VDC © 400mA 
-15VDC 9 400mA 
Less than 25mV 
Less than ISOmV 
60X at full load 
Nominal 10.5KHZ 
-20 C to *70 C 
-40 C to *85 C 
0.02X/V (no load) 
O.OIX/V (400mA load) 
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t R S’ |=» <=• J fc 



I — ovM S u.t p> pD X v' 



Model Numbe>~ 441-133 



a I Number 



Voltage Input _i2£L_Q_V 



Input 
Current 
( rnA > 



Output 
Voltage 
( V ) 



Out put 
Current 
< mfl ) 



Moni tor 
Output 
( V ) 



Out put 
Ripple 
< mV ) 



47. 7 
230 
230 
536 
716 



15.0 15.0 
15. O 13. 1 

13.0 15.0 
13. 1 13. 1 
14.3 14.3 



O O 
O 300 
300 O 
300 300 

400 400 



15.0 15.0 

15.0 14.3 

14.3 15.0 

15.0 14.3 

14.3 14.3 



lO lO 

10 lO 

10 10 

lO 10 

10 10 



Note* I 



1 Unit should be well heat sunk. 

S Unit loses regulation at 25. O V input. 



Si 




Date 11/02/83 



Disk:wptest Fi 1 e : wpl22508 
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received OCT - 3 1963 



HV POWER SUPPLV 



GEN il 



Grounded Anode 






Gen II intensifiers 


y| , 






*i w s s/ ' s ' 










-J... A /. 




2.500 

.500 1 5 5 z annn _ | 


3.750 

j n — b. 


^ ^ : i-J U 



Model 



O-lOv 



cath 

mcp 

anode 



.•;T.(ncp VO J tags* control 



o Grounded Anode Gen II outputs 

o Adjustable cathiode, mcp-iri, mcp-out, and ABC Jeve] 
o Ext MCP voltage control 

o Ext resistor select - ABC max Jimit for desired tut>e d.ia 



cathode voltage 

mcp-in voltage 

mcp-out voltage 

anode output 
temperature 
mechanical 
1<90079 



min adjustable range 100 to 240 vdc 

cathode series resistance 1 Gohm 

voltage controllable to 2Uv max vdc 

max load current 20 UA 

adjustable 3000 to 6500 vdc 

brightness current limit .05 to 5 UA 

ground return potential 0 vdc 

operational - 55 to + 70 C 

4-40 inserts bottom surface corners 



GBS 


Grounded Anode Gen II 


200057 


^ GBS 


07-27-St. 


N/A 




SH, 1 0. ^ 
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PS 2Q0057 Test Data Sheet 






T^t- setup 



i 



D-IDv ^ 3 



&nd 200057 

Q. CHTH 

jICHTH nCP-IN 

mCP-IN fTlCP-DUT 

incp-DUT bcn 

RBC 



iLibe hOG'NLp^ 



CRTH 






mCP-DUT 

5CN 


_ mimm 


rnro.niiT- ■ * 






.. 


i‘iLr uui; 

bcru 








+ I-- 





Test Data at Delivery 
Parameter 



Date : 

Data 



1. Cathode voltage i3 no load 
Cathode voltage 0 IM 

2. Mcp-in voltage 0 3COM @ Cv=10v 

8v 

6v 

4v 

2v 

3. Mcp-out voltage 0 no load 

0 1 uA load 

4. Rabc set value 

ABC adj pot set for I-limit of 

5. Input current 0 +5vdc 0 ss 

6. Burn-in 

7. Mechanical and visual 



-w- 

LVQ9... 



2'2P 

7 lO 

_ZT45q2___' 
FJ. 



Units 

- VDC 

- VDC 

- VDC 

- VDC 

- VDC 

- VDC 

- VDC 

- VDC 

- VDC 
megohm 

uA 

mADC 

hrs 

check 



GBS 


NAME pg 200057 Test Data Sheet 


200123 


SIZE ^ BY ggg OAiE Q2-16-87 N/A 


«EV ^ SHT ^ Of ^ 
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Operation arid Instrijc tions 
PS 200057 gr-Qunded anode standar'd GEN II 

1.0 Gener-al 

The model 200057 power supply is a small DC to DC converter which 
converts +5 vdc to multiple HV dc outputs for use by a Gen II image 
intensifier tube. The outputs are line regulated, and each is 
independently adjustable. The power supply circuitry is fully 
potted in an RTV encapsulant due to the high internal voltages 
generated, and due to the small size of the power supply. 

Manufacturer ; GBS Micro Power Supply 
6155 Calle Del Conejo 
San Jose, California 95120 
408-997-6720 

2.0 Power Supply Inputs 

The following inputs are available and marked on the power supply. 

1. Input voltage terminal +5 +-.5 vdc 

2. Input voltage return terminal (gnd) 

3. Voltage control terminal 0 to +10 vdc 

4. Cathode output adj pot 

5. MCP-IN output adj pot 

6. MCP-OUT output adj pot 

7. ABC limit fine adjust pot 

8. Rsel resistor for gross ABC limit adj 

3.0 Output Connections 

There are 4 output leads for connection to the image intensifier. 



1. Cathode output 

2. MCP-IN output 

3. MCP-OUT output 

4. Screen output 

4.0 Voltage Control 



typically -175 vdc with respect to 

th^ MCP-IN output lead 

typically .-1500 vdc with respect to 

tte MCP-OUT output lead 

typically -6000 vdc with respect to 

the set een output lead 

Gnd, and tied to the +5 return 

internally in the power supply. 



The MCP voltage applied to the intensifier, is provided by the 
MCP-IN and MCP-OUT outputs, which is tf?rmed tiie MCP voltage. 

This voltage can be remotely varied from approximately -400 vdc, 

( the oscillator drop out level ), to -2000 vdc, by varying the 
voltage applied to the voltage control terminal front O to +10 vdc. 
The +10 vdc results in -2000 vdc MCP voltage. An open at the 
voltage control terminal results in a 0 vdc MCP voltage. 





NAME pg fjo0057 operation K. Instructions 




200122 


VJIDO 


”■ A 


DM 


OA.E 


N/A 




SHr 1 OE ^ 
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The -2000 vdc MOP voltage when the control voltage is at +10 vdc , 
can be lowered to near -400 vdc by adjusting the MCP-IN adjust 
pot counter clockwise. CW increases MOP voltage toward -2000. 

COW reduces MOP voltage toward 0 vdc. 

5.0 Cathode Output 

The cathode output is adjustable via a trim pot. CW increases 
the output to -250 vdc. CCW reduces the output to -100 vdc. 

A cathode current limiting resistor ( 1 Gigohm ) is internal in 
the power supply, and will drop the cathode voltage as excess 
tube cathode current is developed in high illumination conditions. 

When the cathode current, under these high current conditions, 
falls to approximately -3 vdc with respect to the MCP voltage, 
a diode in the power supply, shunts the 1 Gigohm limit resistor, 
with a 22 Megohm resistor, thereby extending the cathode current 
availabe, before eventual tube cutoff. 

The cathode output is typically -175 vdc with respect to the 
MCP-IN output, but it is stacked on the other power supply outputs, 
so that with respect to ground, the potential on the cathode lead ') 
is approximately -SOOO vdc. This high voltage is usually a source 
of trouble when operating the power supply, as leakage to gnd may 
often readily develop. This leakage will be treated by the power 
supply as ABC current, which is an instruction to the power supply 
to lower, or shut off the MCP-IN voltage. Caution is recommended 
in the testing of the power supply, and in the tube connections. 

6.0 MCP-out Voltage 

The MCP-ot.it is the votage provided for the intensifier screen, 
and is -6000 vdc typically. This output is connected to the MCP-OUT 
intensifier lead. CW adjustment of the trim pot increases this 
voltage to -6500 vdc. CCW decreases the voltage to -3000 vdc. 

This high voltage is developed in tlie power supply by a stack of 
voltage doubler circuits. This multiplier circuit is resistor 
returned to gnd, so that any tube screen current flowing at any 
time, must pass through the resistor. A voltage is developed across 
the resistor, and is proportional to the tube screen current. 

The voltage developed, is compared to an ABC limit setting, and 
will shut dawn the MCP voltage to the tube, if the threshold level, 
is reached. 

7.0 ABC 

The R-select resistor ( externally available as Rsel ), is used to 
sense the tube screen current as described in paragraph 6.0. ■ 

The power supply comparator for ABC, has a threshold level of I vdc 
and will shut down the MCP voltage when the Rsel voltage reaches 
this 1 vdc threshold. The choice of resistance for Rsel, then can 
determine at what tube current, shutdown is desired. Typically, 

Rsel is- chosen as 1 Megohm, so that it allows ample curr ent far- 
normal tube use, but limits screen current to a maximum of 1 uA. 



.90119 



GBS 


PS 20057 Operation & Instructions 


SuS 200122 


s,. ^ 


[)H 


4-19-88 


N/A 


BEV ^ 


SHT ^ OF ^ 
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The ABC trim pot allows fine resolution of the threshold voltage 
used by the shutdown comparator. CW increases the threshold to 

1.0 vdc. CCW decreases the threshold voltage to 0 vdc . In this 
manner, the ABC pot can be used to fine tune the limit current 
circuitry for use as an automatic brightness control feature, 

( ABC ). 

The power supply has a 22 Megohm internal resistor in parrallel 
with the external Rsel. 

At delivery, Rsel is set to 1 Megohm, and the ABC pot is adjusted 
for so that 1 uA of screen current reduces the MCP voltage 50%. 

8.0 Mechanical, Leads 

The power supply chassis is glass epoxy with TRV potting internal. 
There are 4 Mounting inserts on the base of the power supply, 

4-40 inserts. 

The output leads are silicone coated teflon insulated stranded 
wires, reated for 15kv. 

9.0 Processing, Burn-in 

Standard processing prior to delivery includes 24 hrs of operation 
unpotted, at 23C, at nominal output voltage levels, followed by 
48 hrs of operation at 23C, at typical output voltage levels, 
followed by a final electrical performance test at 23C. 

Other tests and burn-in environments may be conducted as specified 
by the customer purchase order. 

10. 0 Test Circuitry 

Electorstatic voltmeters or equivalent high input impedance 
( > 300 Gigohm ) divider probes are recommended when checking 
output voltage levels. 

A dc voltage applied to Rsel can be used to simulate tube screen 
current for MCP shutdown verification. This voltage should not 
exceed 5 vdc, the input supply voltage. 



•’0U9 
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N/A 


«€V 

A 


3 3 






135 



APPENDIX G 



DEUTSCH RELAY TECHNICAL DATA 

S E R I E S D J 




' .>■ I C ' j r.S ' 

Coll The long thin Demi-J coil approaches the ideel shape: it de- 



livers more empere-turns per wett. Thin well bobbins increase 
ediciency and improve thermal conductivity — two assurances 
of long, reliable relay life. 



Contacts 


The unique trapped pressure contact system absorbs the 
kinetic energy of the armature and damps the reactive forces 
which helps to reduce bounce and prevent crossover. 


sue 


Standard half-size crystal-case. 


Seel 


Hermetic: less than 1 x 10' cc/sec. 


Weight 


0.35 ounce maaimufn. 


•■•5RF0R:V1A-'';C5 DETAILS: 


Switching times 


4 milliseconds maximum at nominal coil voltage at 25 degrees 
C: the addition of an arc-InhibitIng diode across the coil will 
increase release time to 15 milliseconds maximum. 


Ufa 100.000 operations with a 2 ampere contact load. 


Reliability 


Designed to meet MIL-R-S7S7 (tast results are available). 


c_ECTRICAL CHARACTERISTICS; 


Contact rating 


2 amperes resistive, and 1 ampere inductive (100 millljoulas 
maximum stored inductive energy; time constant. 6 milli- 
seconds). Contacts can withstand 4 amperes overload lor 100 
cycles without exceeding specified contact resistance. Avail- 
able lor low level switching. 


Contact resistance 


0.05 ohm maximum initially. 0.10 ohm maximum after rated 
life. 


Olelftctric «trtngth 


1000 volts rms, 500 volts between open contacts end between 
coil and case. 350 volts between terminals at 80.000 feet. 


InsuUtlon rtsisttnct 


1000 megohms minimum (100 volts dc. 25 degrees C, 50 
percent relative humidity maximum). 


Power requirement 


220 milliwatts maximum at pull-in at 25 degrees C. 


ENVIRONMENTAL SPECi FICATION S: 


Temperature range 


—65 to 125 degrees C. 


Vibration 


30 g's from 5 to 3000 cps. 


Shock 


150 g's at 1 1 milliseconds. 


Acceleration 


Relay will operate while being subiectcd to a force of 100 g's 


General 


Hermetic seal assures conlormence with, other environments 
such as fungus, sand and dust, humidity, altitude, etc. 
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COIL DATA 



y H ST '-"VS? 

8 ii* I ,!1 s SI- 



a 0 0 Q _- 

f® 





f — ^ 


U U U U ^ 


_mfi 


U U U1 ■ „ 






UST NORTHPORT. LONG ISUND, NEW YORK II731/(51B) 28B-1600 
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APPENDIX H 



ANALOG TO DIGITAL CONVERTER TECHNICAL DATA (HAS-1202) 



ANALOG Ultra-Fast Hybrid 

DEVICES Analog-to-Digital Converters 

HA$-Q8Q2/1002/1202 






ANALOC-TO-DIGITALCONVeaTeftS VOl.l. to-tot 
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TjW# /. Output Coding ' 



SCALE 

UNIPOLAK OPtUATiON 
KSiLSB 
J/4 FS 
1/2 FS 
1/4 FS 
♦ ILSB 



INPUT OP HTC-0300 



-10.2175V 

- 7.6200V 

- 5.1200V 

- 2.5600V 

- 0.0025V 



INPUT OP IIAS-J 202 



♦ 10.2375V 

♦ 7.6800V 

♦ 5.1200V 




DIGITAL OUTPUT 



111111111111 
I 10000000000 
100000000000 
010000000000 
00000000000 I 
000000000000 



BIPOLAR OPERATION 

♦ FS-ILSB - 5.1175V 

-FS^ILSB ♦ 5.1175V 

-PS ♦ 5.1200V 



♦ 5.1175V 111111111111 

O.OOOOV 100000000000 

- 5.1175V 00000000000 1 

- 5.1200V 000000000000 



•CoJIni Md Inpui lcv< 



PIN DESIGNATIONS 

HAS-1202* 



PIN 


FUNCTION 


1,30 


DIGITAL GROUND 


2. 27.31 


+BV 


3 


DATA READY 


4 


+ 1BV 


5 


BIT 1 OUTPUT (MSB) 


6 


BIT 2 OUTPUT 


7 


BIT 3 OUTPUT 


e 


BIT4 OUTPUT 


9 


BIT 5 OUTPUT 


10 


BIT 6 OUTPUT 


11 


BIT 7 OUTPUT 


12 


BIT 8 OUTPUT 


13 


BIT 9 OUTPUT 


14 


BIT 10 OUTPUT 


15 


BIT11 OUTPUT 


16 


BIT 12 OUTPUT (LSB) 


17, 18, 19 


ANALOG GROUND 


20. 23, 24 


ANALOG GROUND 


21 


D/A OUT 


22 


D/A IN 


26 


COMP INPUT 


26 


ANALOG INPUT 


28 


-16V 


29 


BIPOLAR OFFSET 


32 


ENCODE COMMAND 




•HAS-1002.P1NS 15 AND 16 ARE NOT 
CONNECTED INTERNAttV. 

HAS-0802. PINS 13. 14. 16 AND 16 
ARE NOT CONNECTED INTERNALLY. 
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APPENDIX I 



FIFO TECHNICAL DATA (IDT 7201/SA) 





CMOS PARALLEL 


IDT 7200S/L 




FIRST-IN/FIRST-OUT FIFO 


IDT 7201SA/LA 


TSraied Device 'fechnotegy Inc. 

Lr 


256 X9-B1T& 512 X 9-BIT 





FEATURES: 

• FifW-lfVFIrw-Ooi dual-port mamory 

• 25« X 9 OTTjanlzatlon (1DT7200) 

• 512 X 8 organization (IDT7201A) 

• Low powar conaumpWon 

• Ultra high ipaad-asnacycia lime (28.5MHz) 

• Aaynchronoui and ■Jrrxjltaneous read and wiite 

• Fully exparxIaEita by both word depth and/or bit width 

• IOT7200 and IDT7201A are pin arx3 functionally compatible with 
Moatek MK4S01, but with Half-Full Flag ca^»blllty In single 
device mode 

• Maater/Slave multlprocasalng appllcailons 

• Bidirectional and rata buffer applications 

• Empty and Full warning flags 

• Auto retrartsmlt capability “ 

• High-performance CEMOS "* technology 

• Available In plastic DIP. CERDIP, 300 mil THINDIP, LCC. PLCC 
and Flatpack 

• Military product compliant to MIL-STD-883. Class B 

• Standard Military Drawing# 5962-87531 Is pending listing on 
this function. Refer to Secticn 2/page 2-4. 



DESCRIPTION: 

The IDT7200/7201A are dual-port mamortee that utilize a spe- 
cial Flr«-lr\/Flrst-Oui algorithm that loade arxf emptlea data on a 
nfW-lfVnret-out basis. The devices use Full arx3 Empty flags to pre- 
vent data overflow and uidarflow and expanelon logic to allow for 
unlimited expansion capabilliy m both word size arxf depth. 

The reads and wntae are Inlamally sequential through the uae c# 
ring polnisrs. with no address information required to load and un- 
load data. Data la toggled m and out of the devtcas through the use 
or the Write (W) and Read (fl ) pins. The devices have a read/write 
cycle time of 3Sne (28.5MHz). 

The devices utilize a 9-blt wide data array to allow for control and 
parity bits at the user's option. This feature la especially useful In 
data oommunlcatlana apipllcatlcna where H Is necessary to use a 
parity bit for transmlssiori^aoeplion error checking. It also features 
a Retransmit (RT) capablllw that allows for reset of the read pointer 
to Its Initial posHiw when RT la pulsed low to allow for retransmis- 
sion from the beginning of data. A HaK-Full Flag Is available In the 
single device mode and width expansion modes. 

The IDT7200/1 A are fabriceted using iDTa high-speed CEMOS 
techrx>logy. They are designed for those applications requiring 
asynchrorous and simultaneous read/writes In multiprocessing 
and rale buffer appllcatione. 

Military grade product Is manufactured In compliance with the 
latest revision of MIL-STD-883. Class B. 



N CONFIGURATIONS 



FUNCTIONAL BLOCK DIAGRAM 




CEMOS Is a Iredenwk of Irriegreted Device Techrtology, Inc. 



JANUARY 1989 



MILITARY AND COMMERCIAL TEMPERATURE RANGES 



ABSOLUTE MAXIMUM RATINGS 



OCOu^ CurwTl 



COMMERCIAL 



oondMon* tor «xMnc>«) p«fioc» m 



MIUTARYANDCOMMERCIAL TEMPERATURE RANGES 



RECOMMENDED DC OPERATING CONOmONS 



Uma ixnm ABSOUITE MAXIMUM 



d lor 10n» ono» p« cycle. 



(Commercl 

SYMBOL 


al; \fce - 5.0V *10%, T* “ O'C 

PARAMETER 


to +7U U, Miifxary; ' 

I0T770OS/L 
lOTTSOISAILA 
COMMERCIAL 
- 25, Mne 

MIN. TYP. MAX. 


«=c - I .v™, 

I0T7200S/L 
IDT7201SA/LA 
MIUTARY 
tj^ « 30, 40n» 

MIN. TYP. MAX 


IDT72008/L 
I0T72018A/LA 
COMMERCIAL 
t* - 50, 85, 

•0, 120ne 
MIN. TYP. MAX. 


I0T7200S/L 
IOT7201SA/LA 
MIUTARY 
t. . SO, 65, 
V3,120ne 
MIN. TYP. MAX 


UNIT 


lu<» 


Input ijeAeoe Current 
(Any Input) 




-10 - 10 


-1 - 1 

-10 — 


-10 - 10 

-10 - 10 


ma 

pA 


lu,® 


Ous>ut LMAege Current 
Output T Vdtege 


2.4 - - 


■^.4 


z* - 


2.4 






Output Logic •O’ VOiiege 
la. - SrrtA 


0.4 


0.4 


0.4 

— SO 80 


04 

70 100 


V 

mA 


loci* 

lec*" 


Acfue Powrer Supply CXnent 
Avereoe Stencfcy Curort 

(fi - W - re - fuSr - 


_ - 15 


— — 

_ - 20 


- 6 8 


_ 8 15 


mA 


•oceW* 


flower Domi Current 
(AJ Input - Vbc -0.2V) 


_ - 600 


- - BOO 


- - 600 


- - BOO 


pA 


•oc3(Sf* 


Power Down Cirent 
(AJ Input - Vtc -0.2V) 


_ - 5 


_ - B 


- - 5 


_ - B 


mA 



2. RiN^. 

.1. loc' 

4. TaetidMt - 20MHI. 



_ 04SV„S\fcc- 
ISVburSyx 
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MIUTARV and commercial TtMPgRATUBe RAMQgg 



-SV.IOS.^ 

COM-U MIL COMU 



Shift Fi»qu«nev 



min. max min. 



MIUTARY AND COMMERaAL 



16 ^ 

86 - 



a ^ 

80 - 



a ^ 

ia - 



DM> V»*d Irom R— d HI 






R»»«tSMHjpTlnn« 



Rtrwwnll CycM Tim* 



a - 35 - 



B«r»ntmHPul— Widihgl 



Ba»«fMmlt Slup 'TV tW^I 



RaWmlt R«oov«V Tkn* 



R— « >0 Empty Flag Luw 



Ra«d Low to Empty H«g Low 



R«Mj High >0 Ful FUg High 



Wrtt» High to Emply FMq High 



Wrtt» Low >0 FiM Fl«q Low 



Wrtt» Lo»» >0 HMFftil FI«o low 



H— a/WrlM >0 7D Low 



R»d/Wt1>i >0 XO High 



- 

T-TS" 






15-16 



- 40 - 80 



- 60 - 

- 10 - 



15 - 16 - 



■ m ACTmA CondHta T . 



6. V In ™«ng 



guwwrlBad by d»Mgn. neft cwmotly 
ppitM to iMd dda ilow-itYough mode. 

power reUng (S/SA or ULA). 
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MIUTARYAHDCOMyERCIALTEMPEW*TUR6HAN(^ 






AC TEST CONOmONS 



Input TVrang »•<«• 
OotxA Rpyrpnc* U 

Out*illJiMd 



tAKAL. 

SYMBOL 


1 1 I'A- 

FARAMETERf* 


CONDITIONS 


MAX 


UNIT 


Cm 


kvut CapaoRwros 


Vm-W 


8 


pF 


^DUT 


Oucui Capaorarroe 


VouT-OW 


8 _£F_ 




SIGNAL DESCRIPTIONS 
INPUTS: 

DATA IN (0.-D.) 

DAia rputs tor 9-M wi« data. 

CONTROLS 

BESET (R5) ^ . 

acoonxJiisfied wfwnavar r» Reeat (fS) is 

»5 » lov* r*t». Duvig rwe». ixtft intetTiai r»ad and wrte poiiw 

Wr«e enable (ff) Inpuu mu*t be In the Nafi **’• 

iBowiS ngurt 2, 1' JJJS "It 

WRITE ENABLE C«) 



RAM array aeS^lly And indepe^ 

golr« raws OP«t*on- the falllfXjedoecjMhe next 

t* »•» » '«' ^ r!" 

tfw dmerarx* be^^ 

SraflffVthe FUlPtac^lwtiigoh^ 
when R '» ML 

bead enable (*) 

Ew,TSg^l-i;»o2^“^ 

hixirig fcrtw mad oper»^ 



Hgurel.OotpotLoed 

•tocAxM ng and aocpe oepecAanc** 



pointer IS t^*i from R to axwrr»l cttarXI- 

the RFO when It Is empty. 

FIRST LOAD/RETRANSMIT (FL/RT) 

«„ro^.issiKxrrrssSoS^5 

HaH-full Flea (RF).dependlngonrterela- 
live locations o( the mad and write pointefs. 

expansion in (») _ __ 

T>M. innut is a duai-cxxpoee pm. Expanaton In (XI) Is grotmdrt 
the Depth Exparsion a Daisy Chain Mode. 

OUTPUTS 1 
FUa FLAG (FF) 

indicatino that the device is Ml. H the mad polnier Is not wcn ^^ 

(FF,w^^«f«Ar256wi1t.sMthe 

IDT72CX) and 512 wrlt« tor the IDTT201 A 

empty flag (EF) 

device la empty. 

EXPANSION OUT/HALF-FULL FLAG (XO/HF) 

TKi« la a rtoel-OLXDoae rw x r** In the single device mode, wh^ 

^^hWf^memoryMfl 

write optration, the Half-FUi F ^ (^F ) 
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lomoo/rioiA omo* r ahai lkl 
FIH»T^K/FIR»T-OUT flAO iW « »-eiT 4 






MIUTAHY ANOCOMMeHOIAL TeMFCHATUHt HANUtS 



•ignal to tfto naxt davlca In th« Daisy Chain by providinQ a pulse to Data outputs for 8-blt wide data. This data Is In a high Imped- 

the (text device wh«i the previous devica reaches the last location ance condition whenever Read (R) Is In a high state, 
of memory. 

DATA OUTPUTS (Q.-Oi) 



W: 







- - )00<x>00000000<>000<xxx)0<)c000^ 



NOTES: 

1. E7.P7andnPmaychangettalLisduiingRaset,butflagswiabevslidstt,isC' 

~ snd R - V« around toe rteino edge of RS. 
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MIUTARY AND COMMERCIAL TEMPERATURE RANQEt 



IDT7200/7}OtA CMOt PARALLEL 
FIR$T-IN/FlRST-OUT FIFO 2Se X P-BIT A i12 I 9-BIT 





t| 






tdPW 




R ^ 




7 






( 








to^ 







data<>;,vaud )Q^^/7atao^vauo 




FIgura 1 Atynehranout WrIU tnd RMd Opcratton 






LAST READ 


IGNORED 

READ 


RRSl 


rWRTTE 


ADOmONAL 

WRITES 


FIRST READ 


w 










L 


\ ! 




•R 






^ / 


. 


I.W 




v_/ 


CF 


















- 


1* f* 




1 



















FIsur* 5- Empty FUg From LaM RMd id FIrct Wrltt 
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MIUTARY AMD COMMtRCIAL TEMPERATURE RAHOEt 



IDT7200/7201ACMO# PARAUJEL 
PIR8T.IN/PIRIT-OUT PIPO 2t» n »-BIT A 



«12 X »-BIT 





• Urrc 

^ 7 


( 






7 ^ 




FLAG VAUD 



NOTE 

1. EF. HP trwyo»wig»«l«lu« during Rrtw«TA but 1UQi»(Rb»v«lid «tt (TO- 

Flgura 6. RMnntmR 








FIgur* 7. Empty Rag Timing 




» wwwmwwmw^ 

Rgura 8. FuO Flag Timing 



/ 
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o-aiT a 512 1 b-bit 



MIUTARY *HD commercial TEMPERATUBt RANOtS 



HA1.5-FUIJL OR LESS 


more than 
half-full 


KALF-FUU 


.OR LESS 





|v 


/ 


— w — 






- — w— • 





J 





Hgura 9. n*g Tlniiofl 









RE 



S- 



Flgur* 10. ExpMitton Out 
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IDT7200/7201A CMOS PARALLCU 
FIBSTmi/FIWST-OUT FIFO 25A X S-BIT A 512 X S-BIT 



MIUTABY AWDCOMMeRCIAtTEMPeRAniRe BAW0E8 



OPERATING MODES 

SINGLE DEVICE MODE 

' ■Ingl* IDT7200/7201A may be used when the application 
Iraments are for 2S6/512 ¥wxds or less. The IOT7200/7201A Is 
m a Single Oevloe Conflgcratlon when the Expar«ion In (5^1) con- 



trol Iro^ Is grounded (see Figure 12). In this rrxxte the Half-Full 
Flag ^), which Is an active low outpLrt, Is shared with Expansion 
Out (5J?5). 



HALF-FUaFUQ (RF) 



1 



WRITE <W) 


IDT 

7201A 


(H) read 




V \ 


data„ / p, ] 


(O) / DATAout ) 


„ r 

FLAG (FF) 


(EF) EMPTY FUG 


RESET IPS) 


(FT) RETRANSMIT 







EXPANSION IN (71) 



Figure 13. Block OUgrun of SItrglo 512x9 FIFO 



WIDTH EXPANSION MODE 

Word width may be Increased simply by cormectlng the oorre- 
sponding Input control signals of multiple devices. Status flags 



(EP .FParxl RF ) can be detected from any one device. Figure 13 
demonstraies an 18-blt word width by using two IDT7201AS. 
Any word width can be attained by adding additional IDT7201AS. 




NOTE: 

1. FUg detection li aoootnpaMwd by rrunftorlng Vw PP, E? and 
ooTYWot any output ooneol tignalt ksgathar. 



Do not 



Flguro 13. Stock Diagram of 512x1S FIFO Memory Used In Width Expansion Mode 
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IOT7200/7391A C... j 

flRf T-iaTIRSTOUT FIFO 254 x S-RTT ft 512 X «-BIT 



MIUTARY AND COMMERCIAL TEMPERATURE RANGES 



DEPTH EXPANSION (DAISY CHAIN] MODE 
Tha K)T720(V7201A can aaaliy ba aCaotad to appllcailonB 
wiTara Ifia raquiramanti ara tor graatar than 2S6/S12 worda. 
FigLra 14 Oamonacataa Dap«h Ex;tansion uemg thraa 
IDT720(V720lAt. Any taaoch can ba tnainad by adding additional 
IOT720Qi720lAa. Tha IDT7200/7201A oparatas In tha Daoih Ex- 
panaion oomgLration whan tha toiiowing condftiona are mat: 

1. Tha ivai davica must be oaeigned by grouTding tha First Load 
(PL) control inpuL 

2. AJ cshar davicas mtat have PL In the high stxta. 

3. Tha Expansion Out (S!5) pm o< each davica rTxjBtbattad to the 
Expanion m (jQ) pin ot tha next davica. Sea Figua 14. 

4 . ExtamaJioglc la needed to generstaioofTpoefta Full Flag (PP) 
and Empty Flag (£P). This raquiraa ha ORing or all EPe and 
0«mg ot ail PPx 0-a. alirrxaxbaeatioganarataihaoofTacioom- 
p oa tia FP or EF). Sea Figure 14. 

5. Tha Batrsnsmlt (flT) function and Hall-FJi Flag (FIP) ara not 
■vailabla In tha Depth Expanaion Mode. 

For addrtionai ifSormaiion refer to Tech Note 9: 'Caacading 
FIFOs or RFO Modutea*. 

COMPOUND EXPANSION MODE 

Tha tv« axpanaion Mchrw^jas oaacribad above can ba appllad 
to g ether In a naightforward rr«nnar to achieve large RFO arrays 
(sea Rgurs 15). 

BIDIRECTIONAL MODE 

Appficaiions which require data buffenng between two systems 
(each system capapi a of Fiead and wma operations) can ba 
achievad by pairing IDT7200/7201AS as Shown In Figure 16. Cara 
must ba taken to assure that tha apprppnaie nag is monitored by 



each system, (i.e., PP la monitored on the device where W Is uaed; 
EF l6 monitored on the device where R la uead). Both Depth Ex- 
pansion and Width Expansion may ba uead in this mode. 

DATA FLOW-THROUQH MODES 

Tvro typaa of now-through modae ara permittad: a read now- 
through and wTfie now-tfrough mode. For the read now-through 
mode Figixe 17). the RFO permits the reading of a singia word 
anar wrtting ona word of data Irso an ampty RFO. The Is en- 
abiad on the bus in (tw^ u)na afisr the rising edge of W. called 
the nrst wrtta edge, and It remaina on tha bus intii the R line is 
rased frt>h icwMo-high. after vihlch the bua would go Irrto a three- 
stats mode after Iimz r». Tha EP llna would have a pulaa showing 
larrporary da-assartion and Fian would ba assanad. In the interval 
of nma that R la low. more words can ba wrlttan to ttia FIFO (the 

eubeagueni wrftaa aftar the ftret wriie edge will de-asaan the Empty 
Rag); howavar, tha same word (written on the ftrsi write edge) pre- 
santad to tfia output bus at read pomiar. would not be Incra- 
mentadyrhenR s low. On toggling R, the other words that are writ- 
ten to tha RFO will appear on tha output bus as In tha read cycle 
timings. 

In na wrtta ftow-STTough mode (Flgira 18), tfia RFO permits the 
wrtting ot a singta word of data Immediataly after reading one word 
of daB from a full RFO. The R llna causes tha PP to be de- assa rted 
buitheW llna. being low, cauaae It to be asserted again In anticipa- 
tion of a new data word. On the rising edge of W, the new word is 
loaded In the FIFO. The W line must be toggled when FP Is not as- 
serted to writs naw dau In tha RFO and to Increment the wrtta 
potnter. 

For additional Information refer to Tech Note 8: •Opereting 
RFOs on Full and Empty Boundary Conditions' and Tech Note 6; 
•Designing with FIFOs.' 



TABLE l-RESET AND RETRANSMrT- 




1. oomaclsd to xq_of prwvloui davtoa Sea Fipj* 14. _ _ _ 

ftS ■ Raaat Inpul FL/HT ■ Firal Ixad/Raaxramrt, EF ■ Empty Rig ^jlpuL FF « FiA Hag Output Xi « E x paracn InpuL HF - Halt-FvA Fiag Output 
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mUTABY AND COMMeRCIAL TCMPCBATURe WAMQe« 




Figure 1 4. Bk>ek OUgrun o< 1 5M X 9 FIFO M«nwnr (D*p»h Exp«i»ioo) 




NOTES: 

1, Fwdn^«P~i*5nb*Kk««*rec«ononD.p^Exp«iNon«idlV"«- 

Z For Rifl (N4»ctlon re* ••ctton on Wkim ExpifiNon ind Bgu» 13. 
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MIUTARY AWDCOMMtWCIAL TtMPERATURe WAHOtS 




ngur« 19. 



FIFOMcxI* 



DC 



1 : 

" 1 — \ 1 


1 


-'—y- 








i 

T 






r 

■WYV 


- w-H 

yy^T^y^x,)- 






aAAA 



Fiflur. 17. R**<1 D«a FTowThfWJflR Mod* 
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IDT7200/7201A CMOS PARALLEL 
FIRST-t'l/FIRST-OUT FIFO 2M x S-BIT A S12 X 0-BIT 



M..J f ARY AND COMMERCIAL TEMPgRATURC RANGES 



R 






-C 






FF 



DATAm 



DATAcut 





«D8 



FIgur* IS. Writ* Dau Flow-Through Mod* 



tS-13 
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IDT7»0a7201A CMOS PARALLEL 
F( RST-4WyFIRST-OUT FIFO 25S » 9-BIT A SU » »-BIT 



miutary andcommercial temperature rani?£S 



ORDERING INFORMATION 

«XX_ A « 




CommwdM (0*0 to +70*0) 



80IC 

PltfticDIp 

CEROIP 

SkMnnTVIiNDIP 
Ptorto Li«3«3 Chip CwTtor 
iMdMi Chip Cmlw 
PlMtlc THINDIP 
CanstcH 



CommwciM Only 
MURwy Only 
CofTrrMTCial Only 
M«tt»fyOnly 



Standard Pcwar* 

256 X »-Blt FIFO 
512 X 9-Bll FIFO 



B 0* jneiucMd tar 7201 ORtartng pari numbar only. 
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APPENDIX J 



OCTAL LATCH TECHNICAL DATA (CD 54HC373) 



Technical Data 

CD54/74HC373, CD54/74HCT373 File Number 1679 

CD54/74HC573, CD54/74HCT573 



High-Speed CMOS Logic 



FUNCTIONAL DIAGRAM 



Octal Transparent Latch, 3-State Output 



Type Features; 

• Common latch enable control 

• Common 3-stnto oiilpitl orwhin control 

• Bnllorod inpitls 

• 3-Slale outputs 

• Bus line driving capacity 

• Typical propagation delay - 12 ns @ Vec = 5V. Ci = /5 pF. T^ = 25* C 
{Data to Output lor HC373) 



The RCA CD54/74HC373/573 and CD54/74I ICT373/573 
are high speed Oclai Transparent Latches manu/actured 
with silicon gate CMOS technology. They possess the low 
power consumption ot standard CMOS integrated circuits, 
as well as the ability to drive 15 LSTTL devices. The 
CD54/74HCT373/573 are tunclionally as well as pin 
compatible with the standard 54/74LS373 and 573. 

The outputs are transparent to the Inputs when the latch 
enable (LE) Is high. When the latch enab le (LE) goes low the 
data is latched. The output enable controls the 3-stale 
outputs. Wtion ttie output onahln (OE) is high tlie outputs 
are In the high Impedance state. The latch operation Is 
Independent to the stale ot the output enable. The 373 and 
573 are Identical in lunction and ditter only in their pinout 
arrangements. 

The CD54HC/HCT373/573 ate supplied in 20 load ceramic 
dual-ln-line packages (F sullix). Fho CD74HC/HCT373/573 
are supplied In a 20-lead plastic dual-in-lino plastic package 
(E sultix) and In 20-lead surface mount plastic packages 
(M suttlx). Both types are also available in cliip lorm 
(H sullix). 



Family Features: 

• Fanout (Over Temperature flange); 

Standard Outputs ■ 10 LSTTL Loads 
Bus Driver Outputs ■ 15 LSTTL Loads 

• Wide Operating Temperature Range: 

CD74HCIHC T: -40 to ‘85* C 

• Balanced Propagation Delay and Transition Timet 

• SignilicanI Power Reduction Compared to 

LSTTL Logic ICs 

• Alternate Source is PhilipsiSignetics 

• Cnrt4IIC/CD74HC Typos: 

2 to 0 V Opoiation 

High Noise Immunity: N,i = 30%, N,„ ■ 30% ol Vtc. 

@ Vee = 5 U 

• CD54HCT/CD74HCT Types: 

4 5 /o 5.5 V Operation 
Diiecl LSTTL Inpul Logic Compalibilily 
vr.t = 0.8 V Max.. V,„ • 2 V Min. 

CMOS Input Compatibility 
I, < I uA@ Voi. Vo.. 

TRUTH TABLE 
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.Technical Data 



CD54/74HC373, CD54/74HCT373 
CD54/74HC573, CD54/74HCT573 

MAXIMUM RATINGS. Absoluta-Maxi/num Values. 



DC supply-voltage (Vicl 

(Volitges releienced io giouno) 

DC INPUT DIODE CURRENT l„ (FOR V, < -0 5 V OR V. > V« *0 5 V) . ! . . 
DC OUTPUT DIODE CURRENT, Io. (FOR Vo < -0 5 V OR Vo > V„ -0 S V) . 
DC drain Current, per output poi |For -o.s v < Vo < Vcc *0 s v) 

DC Vcc OR GROUND CURRENT, (led 

POWER DISSIPATION PER package |Po). 

for T. = .40 IO *6o*c (Package type ei 

Fot T. • .60 10 .8S*C (PACKAGE TYPE E| 

Fo« T. = -55 IO .lOO'C (PACKAGE TYPE F, H) , . 

For T. : • 100 IO .125‘C (PACKAGE TYPE F, H) 

For T. » -40 IO 'TO'C (PACKAGE TYPE M) 

For T. « .70 10 •I2S*C (PACKAGE TYPE Ml 

operating-temperature range (T.|, 

Package Type F, M 

PACKAGE type E, M 

STORAGE TEMPERATURE (T..,) 

lead TEMPERATURE (DURING SOLDERING). 

Al dii'inct 1/16 t 1/32 in. ( I 59 l: 0 79 mm) Irom C4sa lor 10 J ma« . . 
Unit inseiltd mlo • PC Boaro (mm inicknesi 1/16 in . I 59 mm( 
wiiK loldtr coniicling lead lips only 



-0 5 IO .7 V 

120 mA 

±20 mA 

±35 mA 

±70 mA 

500 mW 

(TurnlL- Lincaily 4l 6 mW/*C Io 300 mW 

500 inW 

. . Dcrale Lincsily al 6 mW/*C Io 300 mW 

400 mW 

. . . Dorala Linearly al 6 mW/*C lo 70 mW 

-55 10 "I25*C 

-40 IO .85’C 

-65 IO .|50‘C 

.265‘C 

.300*C 



RECOMMENDED OPERATING CONDITIONS; 

For mailmum ralltblllly, nominal operaling condlllont should be selecltd so IhtI oparsllon Is tlwsys wMhIn Ihe 
lollowing ranges: 





LIMITS 




CHARACTERISTIC 






UNITS 




MIN. 


MAX. 




Supply-Vollagu Range (For T» = Full F’acIsaiju-Tumpuraliiru Raiigo) Vcc.’ 








C054/74HC Types 


2 


6 


V 


CD54,'74HCT Types 


4 5 


5 5 


V 


DC Input or Output Voltage Vi. Vo 


0 


Vcc 


V 


Operaling Temperature T., 








CD74 Types 


-40 


*85 


•c 


CD54 Types 


-55 


•125 


•c 


Input Rise and Fall Times, t.. I. 








al 2 V 


0 


1000 


ns 


al4 5V 


0 


500 


ns 


at 6 V 


0 


400 


ns 



•Unless otherwise specified, all voltages are referenced to Ground. 




CD54/74HC373. CD54/74HCT373 CDS4/74HCS73, CD54/74HCTS73 

terminal assignment terminal ASSIGNMENT 
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Technical Data 



CD54/74HC373, CD54/74HCT373 
CD54/74HC573, CD54/74HCT573 




dutNsupply tirsiemt lh«orctic«1 wofsl c«it (Vi » 2.4 V. Vec * S S V) tpACIflctllon It 1 B mA. 

HCT INPUT LOADING TABLE 




‘ Unit Load Is Alec limit specified In Sialic 

Characlerislics Chart, e.g., 360 #/A max. @ 25* C. 
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Technical Data 



CD54/74HC373, CD54/74HCT373 
CD54/74HC573, CD54/74HCT573 

SWITCHING CHARACTERISTICS (Vcc = 5 V, Ta = 25'C. Inpul I.. I. = 6 nj) 



CHARACTERISTIC 


Cl 

(pF) 


TYPICAL VALUES 


UNITS 


HC 


HCT 


Propigilion Delay 

Dili 10 Qn Oulpul (HC/HCT373) Ipa„ 

(Pig- 3) 


15 


12 


13 


ns 


Dan 10 On Oulpul (HC/HCT573) I^lm 

(Fig 3) lp„A 


15 


14 


17 


ns 


io On Oulpul Ihih 

(Fig- 4) ir..A 


15 


14 


H 


ns 


Oulpul Enabling Time Ipil 

(Fig. 8. 7) lPi„ 


IS 


12 


14 


ns 


Oulpul Disabling Time Iru 

(Fig, 8. 7) Ip,., 


IS 


12 




ns 


Power Dissipalion Capacilance (HC/HCT573. 373) Cpd' 


- 


51 


S3 


pF 



PRE-REQUISITE FOR SWITCHING FUNCTION 









LIMITS 








TEST 




25* 


■c 






3*C 10 -BS* 


C 


‘ -55* C 10 


*125' 


•c 


UNITS 


UMAHACTtHlSTIC 


CONDITIONS 


HC 


HCT 


74HC 


74HCT 


54HC 


54HCT 






Vcc 

V 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 




Max. 


Min. 


Max. 


Min. 


Max. 




CT Pulse widih 


Iw 


2 


80 


- 


- 


- 


100 


- 


- 


- 


120 


- 


- 


- 




(Fig. 3) 




4 5 
6 


16 


- 


16 


- 


20 

17 


- 


20 


- 


24 

20 


- 


24 


- 


ns 


Sel-up Time 


l.u 


2 


50 








65 








75 










Data lo LE 


573 


4.5 


10 


- 


13 


- 


13 


- 


16 


- 


IS 


- 


20 


- 


ns 


(Fig 4) 




6 


9 


_ 


— 


— 


11 


_ 


— 


_ 


13 


_ 


— 


— 




Sei-up Time 


!.u 


2 


50 


- 


- 


- 


65 


- 


- 


- 


75 


- 


- 


- 




Oala 10 LE 

(Fig. 4) 


373 


4.5 

6 


10 

9 


- 


13 


- 


13 

11 


- 


16 


- 


15 

13 


- 


20 


- 


ns 


Hold Time 


Ih 


2 


40 
















60 










Data IO L? 


573 


4 5 


a 


- 


10 


- 


10 


- 


13 


- 


12 


- 


15 


- 


ns 


(Fig 4) 




a 


7 








9 








10 










Hold Time 


« Ih 


2 


5 








5 








5 










Dale IoTTE 


373 


45 


5 


- 


10 


- 


5 




13 




5 


- 


15 


- 


ns 


(fiiii 




6 


5 








5 








5 
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Technical Data 



CD54/74HC373, CD54/74HCT373 
CD54/74HC573, CD54/74HCT573 



SWITCHING CHAnACTEfUSTtCS (Input t„ t, := 6 n«. Ci = 50 pF) 

















LIMITS 














CHARACTEmSTtC 


TEST 

CONDITIONS 




25" 


C 




•40*C to •85* 


C 


-55'C to 


M25 


•c 




HC 


HCT 


74HC 


74HCT 


54HC 


54HCT 






V 


Mtn. 


Max. 


Mtn. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 




Propngnlion Dolny irm 


2 




t50 


- 


- 


- 


t90 


- 


- 


- 


225 


- 


- 




Ontn to On tnu 


4 5 


- 


30 


- 


32 


- 


30 


- 


40 


- 


45 


- 


48 


ns 


(Fig. 2) HC/HCT373 


6 


- 


26 


- 


- 


- 


33 


- 


- 


- 


38 


- 


- 




Oala to On triH 


2 


- 


175 


- 


- 


- 


220 


- 


- 


- 


265 


- 


- 




(Fig. 2) Ir.a 


4 5 


- 


35 


- 


40 


- 


44 


- 


SO 


- 


53 


- 


60 


ns 


HC/HCT573 


6 


- 


30 


- 


- 


- 


37 


- 


- 


- 


45 


- 


- 




LEtoOn 


2 


- 


t75 


- 


- 


- 


220 


- 


- 


- 


265 


- 


- 






4 5 


- 


35 


- 


35 


- 


44 


- 


44 


- 


53 


- 


53 


ns 


(Fig. 3) 


6 


- 


30 








37 
















Output Enabling trn. 


2 


- 


150 


- 


- 


- 


190 


- 


- 


- 


225 


- 


- 




Time t^iM 


4 5 


- 


30 


- 


35 


- 


38 


- 


44 


- 


45 


- 


53 


ns 


(Figs. S & 6) 


6 


- 


26 


- 


- 


- 


33 


- 


- 


- 


38 


- 


- 




Output Disabling t[<i.2 


2 


- 


150 


- 


- 


- 


190 


- 


- 


- 


225 


- 


- 




Time tniz 


4 5 


- 


30 


- 


35 


- 


38 


- 


44 


- 


45 


- 


53 


ns 


(Figs. 5 A 6) 


6 


- 


26 


- 


- 


- 


33 


- 


- 


- 


38 


- 


- 




Output Transition tii.ii 


2 


- 


60 


- 


- 


- 


75 


- 


- 


- 


90 


- 


- 




Time tun 


4.5 


- 


12 


- 


12 


- 


15 


- 


15 


- 


18 


- 


18 


ns 


(Fig. 2) 


6 


- 


10 


- 


- 


- 


13 


- 


- 


- 


15 


- 


- 




Input Capacitance C> 


- 


- 


10 


- 


10 


- 


10 


- 


10 


- 


10 


- 


10 


pF 


3-Stato Output 
^ Co 






20 




20 




20 




20 




20 




20 


pF 


Cnpacitanco 
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Technical Data 

CD54/74HC373, CD54/74HCT373 
CD54/74HC573, CD54/74HCT573 



v; — V 


V * / 




(-sox 


lO /' 

o.,^vJ 




^ \ 
^ 




54/74HC 


S4/74HCT 




54/74HC 


54/74HCT 


Inpul Laval 


Vcc 


3 V 


Inpul Level 


Vcc 


3 V 


V, 


50% Vcc 


1,3 V 


V, 


50% Vcc 


1.3 V 



Fig 2 • 0«ra fo O. output propagation tfalays and output Fig. 3 • Lafc/i onaP/e p/opagafJon dafaya. 






54/74HC 54/74HCT 







5 • Thtoo-slaia propagtnan aoltyi. 




Fig. S • Thrta-slalc p/opigition delays. 
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